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Abstract 
Recent interest in operationalising sustainability has led to a need to measure 
sustainability on a local, national and global level. This thesis contributes to the work on 
measuring sustainability, by analysing the theoretical and empirical aspects of adjusting 
macro-economic measures for social, environmental and equity variables. 
The specific objectives of this research are threefold. Firstly, to analyse the role that the 
capital concept can have in measuring sustainable welfare. The role is addressed from 
a theoretical and an accounting perspective. One of the main strengths of capital is that it 
is an established concept within the economic framework and that it helps to incorporate 
aspects of sustainability into formal economic analysis and into empirical accounting 
frameworks. 
The second specific objective of the thesis is to analyse and discuss methods for 
integrating environmental, social and equity concerns into macro-economic 
measurements. The work focuses on long-term environmental degradation, depletion of 
natural capital and intra-generational equity. By analysing theoretical and empirical work 
- possible methodologies for including these variables in a measure of sustainable 
welfare are discussed and suggestions are made. 
The third specific objective of the thesis has been to both apply and evaluate an 
empirical measure of sustainable welfare. The methodology of the Index of Sustainable 
Economic Welfare developed by Daly & Cobb (1989) has been used. The revised UK 
and Swedish ISEWs presented clearly show the differences that exist between a 
conventional measure of welfare and an index of sustainable economic welfare, 
suggesting that conventional economic measures do not reflect the current trends in 
society. 
Together, the results of the various parts of the work presented in this thesis contribute to 
information on the progress to sustainability. This aids decision-making in the work 
towards a sustainable society and once again underlines the problems of relying on 
traditional accounting measures such as GDP. 
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1. Introduction 
"The last hundred years have seen a massive increase in the wealth of 
this country and the well-being of its people. But focusing solely on 
economic growth risks ignoring the impact - both good and bad - on 
people and on the environment. Had we taken account of these links in 
our decision making, we might have reduced or avoided costs such as 
contaminated land or social exclusion ". 
Tony Blair 
(Foreword to UK's Strategy for Sustainable development: A Better Quality of Life by 
DETR 1999) 
Since the report by the World Commission on Environment and Development (WCED) in 
1987 and the UNEP conference on Environment and Development in Rio in 1992, 
sustainability has become an expressed goal of many economies and political parties 
throughout the World. The interest in operationalising sustainable development has led to 
a need to measure sustainability on a local, national and global level. Existing progress 
indicators, such as the Gross Domestic Product, employment index and inflation rate, have 
proved to be insufficient in reflecting sustainability, as sustainability includes not only 
economic but also social and environmental variables as well as equity aspects. This has 
resulted in the development of new indicators to follow trends in environmental, social 
and economic factors and their relationships to one another. Indicators are being 
developed not only by individual researchers but also through initiatives by national 
governments and institutions such as the United Nations (UN 1993b), the World Bank 
(1997) and the European Union (Eurostat 1997, European Commission 1994). Thus far, 
the main interest has been in reporting on the environmental - economic relationship, 
although the interest in integrating social factors is increasing (e. g. UNDP 1997). 
The message is clear: there is a need for information about progress towards sustainability. 
The need for a measure of sustainable welfare can be confirmed by the publicity and 
interest that the Index of Sustainable Economic Welfare (ISEW) has received. The ISEW 
methodology was developed by Daly & Cobb in 1989 and applied to the USA. The 
methodology has since been applied to several countries; Germany (Diefenbacher 1994), 
the UK (Jackson & Marks 1994 and Jackson et al 1997), Scotland (Moffatt & Wilson 
1994), Austria (Stockhammer et al 1997), Netherlands (Rosenberg & Oegema 1995), 
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Sweden (Jackson & Stymne 1996), Italy (Guenno & Tiezzi 1996), Chile (Castaneda 1997) 
and Australia (Hamilton 1997). 
The overall objective of the research in this thesis has been to contribute to the work on 
providing information about the progress towards sustainability. This has been achieved 
by analysing theoretical and empirical aspects of adjusting macro-economic measures for 
social, environmental and equity variables. The specific objectives of this research have 
been threefold. Firstly, to analyse the role that the economic concept of capital can have in 
a measure of sustainable welfare. Secondly, to analyse the way in which macro-economic 
measures can be adjusted to reflect aspects of sustainability. Thirdly, to empirically 
illustrate and discuss such an adjustment. 
The first specific objective has been to analyse the role of capital in measuring sustainable 
welfare. The development of new indicators to follow and monitor trends in 
environmental, social and economic factors and their relationship to one another has led to 
a need for new methodologies and concepts on which these measurements can build. One 
such concept is the concept of capital. Capital is an economic concept, which has been 
used in economic theory, national accounting procedures and in integrating environmental 
and human resources into economic analysis. However, to date no comprehensive work on 
the role that the capital concept can play in measuring sustainable welfare has been 
reported. The objective of this research has been to analyse the role that the capital 
concept can have in measuring sustainable welfare. The work describes how the capital 
concept has been used in the theoretical economic and accounting literature and its 
potential as a tool in measuring sustainable welfare is analysed. 
The second specific objective has been to discuss and analyse methods for taking into 
account environmental, social and equity concerns into macro-economic measurements. 
During the late 1980s and the 1990s, the interest in adjusting macro-economic measures 
has escalated (Hamilton 1994, MacGillivray 1995). In this thesis, the accounting for; long- 
term environmental damage, depletion of natural capital and the distribution of income, 
have been selected as study objects. These three variables have been shown to have a 
substantial impact on sustainable welfare (Jackson & Stymne 1996), and all three variables 
are seen as important for future and current welfare. The aim has been to analyse the 
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theoretical and empirical work on integrating these variables into macro-economic 
measures and to suggest a possible methodology for inclusion in a measure of sustainable 
welfare. 
The third specific objective has been to empirically apply and evaluate a measure of 
sustainable welfare. The methodology of Index of Sustainable Economic Welfare 
developed by Daly & Cobb (1989) has been used. The ISEW methodology was chosen as 
it does not merely provide a way of measuring sustainable welfare, but also has come to 
work as a way to present and synthesise criticism towards the conventional accounting 
procedures and indicators discussed in the theoretical literature. Further, it has stimulated 
discussion and debates and contributed to valuable methodological insights and 
development into the measurement of sustainable welfare. The ISEW methodology is used 
here to illustrate and compare sustainable welfare in two European countries, the UK and 
Sweden. The integration of long-term environmental damage, depletion of natural capital 
and intra-generational equity and the usage of the capital concept are tested within this 
framework. 
1.1 The development of adjusted macro-economic measures 
During the last century, the annual economic growth rate in Sweden and in many other 
industrialised countries has been 2% on average. In fact, between 1870 and 1990, average 
Swedish per capita GDP grew 11 fold (Barro & Sala-i-Martin 1995). There is little doubt 
that continued economic growth has been a widely accepted and desirable goal/aim in 
society and among policy makers. From the conventional economic development 
perspective, growth has been seen as the key to development. As an example, the Swedish 
government's growth bill in 1995, states that economic growth "is of fundamental 
importance for the continued development of society" (Finansdepartementet 1995: 4). 
Economic growth, it is assumed, improves people's well-being. The continued economic 
growth during the last century has led to improvements in health care, education levels, 
material standard of living, employment and working conditions, political power, housing 
and infrastructure, which are all factors seen as related to development and welfare. 
However, in striving for higher economic growth, the linkages between growth and a 
number of other factors contributing to overall welfare and well-being have often been set 
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aside and treated separately, both in the debate and in macro-economic measurements (e. g. 
GDP). 
It is the linkage between economic growth and the environment, which has come to the 
forefront of the debate. In 1972, Meadows el al published their book 'Limits to Growth', 
where the link between economic growth and limited resources was discussed (Meadows 
ei al 1972). They argued that limited resources could not sustain the recent economic 
growth rate. Since then, the discussions on the relationship between economic growth and 
the environment have been plentiful. It has been argued that the relationship depends on 
factors such as scale of the growth, the composition of the growth and technological 
development. 
Despite the sometimes conflicting views of the relationship between economic growth and 
the environment many argue that there has been a rapid degradation and depletion of the 
environment due to continuous economic activity during the last century. For example, 
during the time period 1945-1990, it has been estimated that human activity contributed to 
soil degradation of 1200 million hectares (mainly through deforestation and 
overexploitation). At the same time, the extinction rate of different types of species is 
rapidly increasing. According to the World Resource Institute, during the last 300 years 1- 
2% of all mammals and bird species have become extinct, while the current extinction rate 
has been estimated at 2-5% per decade (SCB 1996). Another alarming consequence of 
human activities, are the global emissions of carbon dioxide from fossil fuels, which have 
increased from 2.4 tonnes per capita in 1950 to 4.1 tonnes per capita in 1991 contributing 
to the greenhouse effect (SCB 1996: 27). Further, about 80% of all commercial energy 
consumption (for heating, industrial production and transport) is based on fossil non- 
renewable natural resources, which leads to a rapid depletion of the earth's natural 
resources (SCB 1996: 91). Clearly, the potential impacts of these environmental factors on 
current and future human well being are large and continued growth in physical terms is 
incompatible with sustaining environmental resources. 
In 1973, Daly tried to define a viable economy and called for a constant population, 
constant physical wealth, and socially controlled distribution of goods, with growth taking 
place in the moral sphere (Daly 1973). The input from Meadows et al (1972), Daly (1973) 
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and many others has led to a debate whether economic growth is an appropriate goal of 
society. In 1987 the concern for society, not just from an economic perspective, but also 
from ecological, social and equity perspectives was expressed in the report by the World 
Commission on Environment and Development (WCED). The WCED promoted and 
defined the idea of sustainable development as a political goal. In the report, sustainable 
development was defined as: "-development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs. " (WCED 
1987: 43). 
The concept of sustainable development has since begun to be an accepted goal on a 
political level and has been integrated into many government policy agendas. However, 
the operationalisation of the concept has proved to be more difficult than integrating it into 
an agenda. Hence, in the process towards operationalising sustainable development a 
number of different definitions of sustainable development have been suggested to make 
the concept tangible and measurable (for an overview of definitions see Perman et al 
1996: 56). One such example is the use of the capital concept. It has been suggested that 
the ability of future generations to meet their own needs are taken into account by ensuring 
that the capital stock is maintained intact (as the WCED definition of sustainability 
demands). The concepts of weak and strong sustainability have come to represent the two 
main views that exist. The weak sustainability approach originates from the neo-classical 
perspective, where it is assumed that it is possible to substitute natural capital for human- 
made capital (Pearce & [G] Atkinson 1993, Beckerman 1994, Beckerman 1995). An 
economy is said to be sustainable as long as it saves more than the combined depreciation 
of capital (e. g. natural and human-made capital). Operationalising sustainable 
development should therefore work towards maintaining the total capital stock intact. 
Strong sustainability, on the other hand means that resources are seen as complements 
rather than substitutes and that each capital stock should be maintained intact in order for 
the economy to be sustainable (Daly 1995, Jacobs 1995). It is clear, that operationalising 
weak sustainability in the sense of maintaining the total capital stock intact should be 
easier to attain than strong sustainability. 
Discussions and arguments over definitions and operationalisation of economic growth 
and sustainable development have been plentiful. The debate has often been linked to the 
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monitoring and measurements of these objectives and definitions. In fact, as Jacobs 
(1991: 223) expresses it: "Arguments over objectives are consequently often expressed as 
arguments over indicators". This means that society's concern over the objectives is often 
expressed as concerns over different measurements of these objectives, as society often 
bases its judgement on whether or not the economy is progressing by using different 
indicators. 
The main indicator used in judging economic growth, is the Gross Domestic Product 
(GDP). An increasing GDP has been seen as a symbol of success, and is used to monitor 
progress over time and between countries. Questions as to the desirability of economic 
growth as a goal of society have led to a re-examination of the role of GDP. If economic 
growth depletes resources and pollutes the environment, should this not then be reflected 
in the measure of growth? 
1.2 Macro- economic measures 
A macro-economic measure or indicator describes part of the activity or behaviour of an 
economy. GDP, inflation rate, employment level, national debt and savings are some of 
the most frequently used macro-economic measures. The System of National Accounts, 
from which many of these measures are derived and developed was devised by the UN 
statistical commission in the 1950s, and has since been adopted by the majority of the 
countries of the World. The national accounts are based on a Keynesian view of national 
income accounting, and were in fact developed to monitor the post Second World War 
finances in Britain (Keynes 1975: 2). The national accounts and the most widely used 
concept within this framework, the GDP, are the basis for the majority of economic 
analyses in macroeconomics. 
The demand for macro-economic indicators, such as the GDP, has arisen from the need to 
monitor how the economy is performing, so that the government has a basis for their 
economic policy decisions as well as in evaluating such decisions. Further, the indicators 
are used to communicate with the public, often via the media. In the same way adjusted 
macro-economic indicators (or new sustainability indicators) developed, but with a 
broader perspective. They are needed to inform about the consequences of policy 
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decisions with respect to sustainable development, to create an understanding of 
sustainable development and how or whether society is progressing towards sustainable 
development. Further, these indicators can help the public and the business community to 
an understanding of how individual actions contribute to sustainable development. 
1.2.1 A measure of economic growth 
Most economists would argue that GDP is a good indicator of what it measures, i. e. 
economic activity. However, policy makers and others have interpreted it as a measure of 
development and welfare, which in turn has led to criticism. Criticism has been directed 
both towards the theoretical and empirical basis of GDP. Nordhaus & Tobin (1972), 
Zolotas (1981), Eisner (1988) and Daly & Cobb (1989) are just some who have criticised 
GDP by suggesting alterations or adjustments. During the late 1980s and 1990s, the main 
criticism focused on the environment. For example, depletion of non-renewable resources 
is not taken into account in GDP. This means that income can be created by depleting 
natural capital without ensuring that the stock (and thus future income) is maintained 
intact, as is done with human-made capital by accounting for depreciation. Nor is 
environmental degradation, such as pollution, which clearly affects well-being, taken into 
account. Other costs and benefits that are not taken into account in GDP, due to being non- 
monetarised, are for example household labour and leisure. Another criticism towards the 
GDP, is that it includes defensive expenditures created by society (such as costs associated 
with smoking related illnesses, car accidents, cleaning up oil spills etc), which increase 
GDP - but clearly do not increase welfare. Further, GDP fails to account for investments 
and depreciation in human capital. Nor does GDP take into account the welfare effect that 
the distribution of income can have. An increase in income affects GDP by the same 
amount independent of whether the poor or the rich receive the impact. 
A number of so called alternative or adjusted macro-economic measures have developed 
as a response to the deficiencies in GDP. Even though the main interest has been on the 
environment - economic link, other factors have also been recognised as important such as 
human and social factors and intra- and inter generational equity. 
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1.2.2 Alternative macro-economic measures 
The United Nations (UN) has done much work within the field of integrating the 
environment into the existing system of national accounts. Both methodological and 
accounting aspects are of interest for the UN and the main work is the handbook; System 
of Integrated Environmental and Economic Accounting (SEEA) (UN 1993b). Within the 
United Nations Development Programme (UNDP), some of the leading experts on 
integrating social aspects into the conventional human development perspective can be 
found. Their aim is to report on a broader perspective than just economic growth. Their 
main work is the yearly Human Development Report (e. g. UNDP 1997). Another 
international organisation involved in the area of adjusting macro-economic measures is 
the World Bank. They have attempted to expand the conventional measure of wealth to 
include human, natural and social aspects. Their interest lies in both the empirical 
application and the methodological development. The World Bank make use of the capital 
concept to integrate different aspects of sustainability, they are also one of the key 
promoters of the concept of genuine savings. Key reports are the World Bank (1997), 
Serageldin (1996) and Serageldin & Steer (1994). The European Commission (EC) 
promotes the integration of environmental and economic information systems (e. g. green 
national accounting) and the development of sustainability indicators. Their aim is to 
supply a comprehensive description of human activities and their impact on the 
environment, through empirical and methodological development by individual research 
projects and through their statistical organisation EUROSTAT. Their key work is the 
programme on sustainable development indicators, where a database, reports and 
modelling of linkages between different indicators are all in progress. Methodological 
work has also been achieved through contracts to individual research groups and 
researchers, for example Brouwer and O'Connor (1997). The European Commission has 
several times indicated their support for measuring sustainability. For example, in a policy 
document it is said that it is necessary to "transform the idea of sustainable development 
into a more tangible and measurable concept" (European Community 1994a). They also 
call for work to develop "operational performance indicators for measuring progress 
towards sustainability, based on appropriate combination of ecological, economic and 
social considerations... [including] inter- and intra-generational equity" (European 
Community 1994b). 
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A number of national statistical organisations have also played a large role in the 
development - through both empirical (including identifying and collecting data) and 
methodological input. The main interest has been on the correction of the national 
accounting system, to reflect the environmental-economic relationship and also to reflect 
other variables such as household labour. Many statistical organisations publish 
environmental or resource accounts and discussion documents on methodological issues 
(Netherlands (Keuning 1996), Sweden (Konjunkturinstitutet 1998), UK (ONS 1998), 
Germany (Radermacher & Stahmer 1996)). Other governmental institutions have also 
been involved in the process, mainly through disseminating a broader understanding and 
debate on sustainable development. Many governments have launched their own 
initiatives to measure sustainability. One example is the UK government's indicator 
strategy on sustainable development. In May 1999, the UK government published a 
strategy of sustainable development "A Better Quality of Life" (DETR 1999). 14 so-called 
headline indicators have been chosen to reflect sustainability of the economy, the 
indicators range from GDP to the population of wild birds. 
A number of non-governmental institutions have also been involved, in general to spread 
awareness about the progress of a country from a sustainability perspective, as well as by 
forcing governments to take action. Institutions, such as the Friends of the Earth and New 
Economic Foundation have actively been supporting the development of macro-economic 
indicators such as the Index of Sustainable Economic Welfare (Jackson et al 1997). 
The remaining empirical and methodological development has come from individual 
researchers or research groups from a range of different disciplines. Economists, (mainly 
environmental economists), have been interested in the links between sustainability and 
the economy and how these links may be inter-related ([G] Atkinson et al 1997, Mäler 
1991,1995). Traditional neo-classical views often form the basis when the concepts are 
developed. Ecologists have also done much work, using the ecological framework to 
shape and develop measures of macro-economic sustainability, such as environmental 
space and the ecological footprint (Wackernagel & Rees 1996, Moffatt 1996). Ecologists 
interested in economics or vice versa are often referred to as ecological economists, and 
aim at finding ways in which the ecological and economic frameworks can be integrated. 
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The various measures that these different groups have developed can be classified into 
three categories: Economic based, Ecological based and Social based. 
" Economic based measures are those that, in one way or another are based on the 
conventional economic framework. The following fall under this category: Green 
NDP/NNP (Hamilton 1994), income distribution adjusted GDP (Klasen 1994), 
Genuine Savings (Hamilton 1994, Hamilton & [G] Atkinson 1996), Generational 
Environmental Debt (Jernelöv 1992, Azar & Holmberg 1995) and the Index of 
Sustainable Economic Welfare (Daly & Cobb, 1989). 
" Ecological based measures describe the economy from an ecological or physical trend 
or status. Examples are the pure physical indicators (OECD 1998), the Ecological 
Footprint (Wackernagel & Rees 1996) and Environmental Space (Moffatt 1996). 
" Finally, social based measures describe the social status or trend in society such as the 
distribution of income, unemployment rate, literacy rate, education level etc. The 
Human Development Index is probably the most well known aggregated social 
development index (UNDP 1997). 
1.2.3 The Index of Sustainable Economic Welfare 
One of the attempts at developing an economic based sustainability measure is the Index 
of Sustainable Economic Welfare (ISEW). The ISEW originally developed for the United 
States by Daly and Cobb in an Appendix to their seminal book For the Common Good 
(Daly and Cobb 1989) and later revised by Cobb and Cobb (1994). Both the methodology 
and its empirical application have been developed since Daly & Cobb applied it to the 
USA in 1989. The index has, for example, been applied to a number of different countries, 
as highlighted in the introduction to this chapter. One of the first applications of the 
methodology was by Jackson & Marks (1994), who applied the ISEW methodology to the 
UK. Three years later, the UK-ISEW was updated and the methodology revised by 
Jackson et al (1997). Parts of the update were based on the research in this thesis. The 
empirical basis of this thesis is the ISEW methodology applied to the UK and Sweden. 
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The ISEW methodology aims to measure welfare by adjusting the economic measure of 
consumer expenditure with a number of social and environmental factors. The ISEW 
methodology attempts to capture the change in sustainable welfare over time and was 
developed as a response to the inadequacy of other macro-economic measures to reflect 
the current and future welfare situation. The basis of the Index of Sustainable Economic 
Welfare (ISEW) is consumer expenditure adjusted with 18 different components. Table 1- 
1 presents a summary of the composition of the index. 
Column Adjustment Item 
B + Personal Consumption 
C + Distributional Inequality 
D + Weighted personal consumption (B/C) 
E + Services: from domestic labour 
F + Services from consumer durables 
G + Services from streets and highways 
I - Consumer durables: difference between expander and value of services 
J - Defensive private expenditures on health and education 
K - Costs of commuting 
L - Costs of personal pollution control 
M - Costs of car accidents 
N - Costs of water pollution 
0 - Costs of air pollution 
P - Costs of noise pollution 
Q - Loss of wetlands 
R - Loss of farmlands 
S - Depletion of non-renewable resources 
T - Costs of long-term environmental damage 
U - Costs of Ozone depletion 
V + Net capital growth 
W + Net change in international position 
X Index of Sustainable Economic Welfare 
Table 1-1: Components included in the ISEW methodology. 
These adjustments can roughly be divided into five different categories: The first 
accounts for intra-generational equity, where personal consumption is adjusted with an 
index of income inequality. The second category is the accounting for non-monetarised 
contribution to welfare such as the service from household labour and the welfare loss 
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from environmental degradation (water, air and noise). The third category is defensive 
expenditure, which is "expenditure necessary to defend ourselves from the unwanted 
side-effects of production" (Daly & Cobb 1989: 70). Personal defensive expenditure is 
deducted from the index (such as commuting and certain health and education 
expenditure). Non-defensive government expenditure (part of health and education) is 
added to the index. The fourth category accounts for changes in the human-made capital 
base, such as the net-capital growth, changes in net international position and adjustment 
for the service flowing from consumer durables. The final category, attempts to take into 
account the future loss of services due to loss of natural capital including depletion of 
natural resources, the loss of natural habitats and accumulation of environmental 
pollution. 
The ISEW can, in short, be expressed as: 
ISEW = Personal consumption 
- adjustment for income inequality 
+ domestic labour 
- costs of environmental degradation 
+ non-defensive public expenditures 
- defensive private expenditure 
+ capital adjustments 
- depreciation of natural capital 
Jackson & Stymne (1996) applied the ISEW methodology to Sweden. The Swedish ISEW 
per capita for the years 1950-1992 is shown in Figure 1-1 (the data is reproduced in 
Appendix 3). For the purpose of comparison, GDP per capita is shown in the same figure. 
As can be seen the ISEW departs from GDP over the whole time period, the gap increases 
from the 1980s and onwards. In other words, as economic output measured by GDP has 
continued to rise with an average yearly growth rate of about 2 %, sustainable economic 
welfare has stabilised and even declined with an average yearly growth rate of about 1.6 
%. This trend is consistent with most of the other ISEW country studies, such as the US- 
ISEW (Daly & Cobb 1989) and the UK-ISEW (Jackson & Marks 1992 and Jackson et al 
1997). Even though in Sweden the difference between GDP and ISEW is smaller and the 
downturn appears somewhat later. 
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Figure 1-1: ISEW per capita and GDP per capita in Sweden 1950-1992 
Source: Jackson & Stymne 1996 
The main positive variables contributing to the Swedish ISEW are personal consumer 
expenditure, the services from household labour and income distribution. Of the negative 
contributors, it is loss of natural capital and long-term environmental damage that 
predominate. Environmental degradation has remained relatively constant. In Figure 1-2, 
the impact on the Swedish ISEW of the three variables chosen for in depth case study 
analysis is shown (for data see Appendix 3). 
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Figure 1-2: The impact of depletion, long-term environmental degradation and intra- 
generational equity on the Swedish ISEW per capita 1950-1992. 
Source: Derived from Jackson & Stymne 1996 
As can be seen from Figure 1-2, both long-term environmental degradation and depletion 
of natural capital have had a substantial negative impact on the index, so deducting these 
components from the index has a positive effect. The main negative impact comes from 
the depletion of natural capital. Note, that each curve only shows the deduction of one 
variable. When correcting for the adjustment of income inequality, it is clear that the 
adjustment with income inequality had a positive effect on welfare, due to decreased 
inequalities in Sweden since 1950. Therefore deducting this component from the ISEW 
would have a depressive effect in the case of Sweden. 
1.2.4 The role of capital 
As can be noted, the ISEW methodology does not just concentrate on the environmental - 
economic relationship, which has been the area that has received most attention in the 
work of developing sustainability indicators, but also integrates parts of the social and 
equity dimensions of sustainable development. The ISEW methodology partly handles this 
integration by for example using the familiar concept of capital. However equity and 
social dimensions are not explicitly included. The concept of capital plays a major role in 
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the ISEW methodology in two respects. Firstly, it allows for sustainability and welfare to 
be expressed in the same index. Secondly, it gives a coherent methodology for including 
not only economic and financial variables but also social and environmental variables into 
an aggregated measure. Hence, the capital concept is often used in the development and 
adjustment of macro-economic measures to reflect aspects of sustainability. For example, 
in the Genuine Savings Approach (Hamilton 1994, Hamilton & [G] Atkinson 1996), it is 
argued that an economy is sustainable as long as it saves more than the combined 
depreciation of both types of natural and economic capital. The use of the capital concept 
in adjustments and development of macro-economic measurements follows from the 
different definitions of sustainable development that have been suggested in order to 
operationalise sustainable development (e. g. weak and strong sustainability as explained in 
section 1.1). 
The development of concepts on which the adjusted or new macro-economic measures can 
build is very important for the progress of the indicators and for their theoretical and 
empirical basis. The concept of capital has been used in economic theory, national 
accounting procedures and in integrating environmental and human resources into 
economic analysis. However, to date no comprehensive work on the role that the capital 
concept can play in measuring sustainable welfare has been carried out. One of the 
objectives of this research has therefore been to analyse the role that the capital concept 
can have in a measure of sustainable welfare. 
1.3 Criticism towards adjusting macro-economic measures 
The development of new and adjusted macro-economic indicators, in response to 
increased demand for information about the progress towards sustainable development, 
has not been without criticism. However, the vast amount of different indicators, the inter- 
disciplinary nature of sustainable development and the fact that some indicators contradict 
each other, makes it difficult to achieve an overview of these objections. The main 
criticism towards the adjustments of aggregated macro-economic measures is reviewed 
below. 
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Criticism towards aggregated macro-economic measures such as the ISEW and Green 
GDP comes from a number of different directions. Firstly, there are those who are against 
"distorting the GDP-figure by an essentially arbitrary addition and subtraction of 
artificially priced social and environmental changes" (Keuning 1996). Keuning manages 
in this sentence to summarise the main points. Firstly, that GDP is being distorted by the 
adjustments. In other words, it is argued that GDP was never intended to be anything else 
than a measure of production, and should therefore not be adjusted to reflect a number of 
environmental and social welfare variables. This is an objection often raised by 
economists and statisticians towards efforts of greening the GDP. Instead they promote the 
expansion of economic accounts to include non-monetary social and environmental 
accounts. However, as Cobb & Cobb (1994: 251) point out, despite the claims that GDP is 
not a measure of welfare, "in practice it functions that way in the political arena". Further, 
adjusting GDP or any other macro-economic measure to reflect social and environmental 
variables does not mean that these measures should replace GDP or any of the other 
conventional measures, but rather function as a supplement. The second criticism is that 
the adjustments are ad hoc and arbitrary. The problem here lies in that no exact model of 
the relationship between economic, environmental and social factors as yet exists. Further, 
the inclusion of different variables in welfare indexes, such as the ISEW, can always be 
criticised for being biased or ad hoc, as welfare is a value concept that by definition will 
vary from individual to individual. The last criticism raised by Keuning is that the 
environmental and social changes are artificially priced. Monetary valuation, which is 
often used in integrating and aggregating environmental and social variables into existing 
macro-economic measures, opens a whole discussion on how to value non-monetary 
impacts such as the environment and if it is possible and appropriate to make such 
valuations (Lintott 1996, Foster 1997). 
Another criticism that has been raised in conjunction with the adjustment and development 
of macro-economic measures is their policy relevance. The ISEW methodology has been 
criticised on this point: "For policy purposes concerning welfare and sustainability it 
would be important to have relevant and reliable indicators. Unfortunately, the 
weaknesses of the foundations on which the ISEW rest discredit its policy relevance" 
(Neumayer 1998: 25). In fact Neumayer (1998: 28) argues that it is better to use GDP as it 
is, and instead warn "against misinterpreting it as an indicator of welfare". Thage (1993) 
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is also sceptical to the policy relevance of adjusted measures and points towards the NDP 
(GDP minus depreciation of human-made capital), which has been argued to be a better 
measure of welfare than GDP as it takes into account depreciation of capital, but despite 
this it is rarely used or reported. The policy relevance of other measures has also been 
questioned. For example, the ecological footprint is an easily understandable visual 
concept, but since it is not possible to project next year's level it has not been ranked so 
highly from a policy relevance point of view (Hanley et al 1999). 
Despite the criticisms, I believe that it is important to proceed with developing and 
applying methods for measuring sustainable economic welfare. However, it is important to 
recognise that the overall aim for the research should not just be a matter of finding a 
measure that better reflects the current trends and situation in society - it is a process in 
working towards a more sustainable society. The adjustments and the indicators developed 
do so much more than try to reflect this complex trend. The ISEW methodology has, for 
example, come to work as a way to present and synthesise criticism towards the 
conventional accounting procedures and indicators discussed in the theoretical literature. 
This has been possible due to the fact that the ISEW, like GDP, is a one-dimensional index 
presented in time series. The criticism is also more effective since some of the concepts 
used in the ISEW are taken from the conventional accounts. The difference between ISEW 
and GDP over a longer period of time can be interpreted as empirical confirmation of 
many of the theoretical objections that exist towards the conventional accounting system. 
In particular it highlights the folly of focusing on economic growth in isolation, 
emphasising the importance of a broader perspective including social, environmental and 
equity components of society. Further, the ISEW stimulates discussion and debate. The 
ISEW methodology and its empirical application act as a baseline for discussion of what 
contributes to a sustainable welfare measure, the usefulness of these types of measures and 
their theoretical and empirical consistency (for example through discussions such as in 
Cobb & Cobb 1994). Further, the ISEW has been developed in a period when the 
development of green national accounting has been accelerating. The work on these two 
different but parallel concepts has led to the ISEW methodology being able to integrate 
important conceptual and technical developments arising from the work on green 
accounting. The ISEW has, in turn, by its use of a broader asset base than green 
accounting, worked as a critical feedback tool for the development in this area. 
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And finally, the ISEW has contributed to valuable methodological insights and 
development into the measurement of sustainable welfare. The methodological work on 
the use of data and on the techniques (for inclusion of the different components) has 
mainly been developed on a country study level. Critical feedback from a number of 
interested parties in society has often worked as a basis for this development. 
It is due to reasons such as the above that it is important to continue with the theoretical 
and empirical work on adjusting macro-economic measures and it is hoped that the 
research presented in this thesis contributes to this, hence contributing to the underlying 
reason for the development of the macro-economic measures - the need for information 
on the progress to sustainability and the work towards 'getting away' from the use of GDP 
as a measure of welfare. 
1.4 Outline of the thesis 
The outline of the rest of the thesis is as follows. In chapter 2, the role of the capital 
concept in measuring sustainable welfare is analysed. The capital concept features in many 
of the operational definitions of sustainability that have been suggested in the literature. 
The hypothesis in this thesis is therefore that the capital concept also has a role to play 
when measuring macro-economic sustainability. The first section in chapter 2 reviews the 
role that the capital concept has played in economic analysis, including human-made, 
natural and human capital. Some of the controversies regarding the capital concept, in 
particular regarding aggregation and substitution are discussed. Thereafter, different 
accounting principles for human-made, natural and human capital are analysed. This 
analysis draws mainly on accounting principles suggested in the system of national 
accounts (UN 1968,1993a, b), but also from human-capital theory and from the literature 
on environmental, ecological and natural resource economics. The last part of the chapter 
tests the hypothesis that capital has a role in measuring sustainable welfare. 
Chapter 3, analyses the way in which long-term degradation of natural capital can be 
accounted for in a sustainable welfare measure. The release of greenhouse gases is used as 
a case study of a pollutant that leads to long-term degradation. Various accounting 
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methods and their use are analysed and a possible methodology for accounting for climate 
change in sustainable welfare measures is suggested. 
Chapter 4, analyses the way in which depletion of natural capital can be accounted for in a 
sustainable welfare measure. The consumption of oil is used as a case study of non- 
renewable resources that can be depleted. Various economic based accounting methods 
and their uses are analysed and a possible methodology for accounting for oil depletion in 
a sustainable welfare measure is proposed. 
Chapters 5 and 6 analyse intra-generational equity and sustainable welfare. When dealing 
with intra-generational equity, the main focus has been on the distribution of income, 
where income is seen as a means to purchase goods and services. Hence this research 
utilises the distribution of income as a framework for the analysis of intra-generational 
equity, but adopts a broad approach to distribution. In chapter 5, an attempt is made to 
map out the complex relationship between intra-generational equity and sustainable 
welfare. Further, chapter 5 reviews, suggests and discusses methods for integrating 
distribution of income, environment and human capital into a sustainable welfare index. 
One of the main difficulties in using these measures is establishing the weighting factor. In 
chapter 6, various methods and suggestions for weighting factors are analysed and 
discussed. 
In Chapter 7, the methodological developments and analysis discussed and suggested in 
the previous chapters are empirically analysed using the framework of the Index of 
Sustainable Economic Welfare applied to the UK and to Sweden during the time period 
1950-1996. Sustainable welfare in these two countries is illustrated and compared. 
In Chapter 8, the policy relevance of using adjusted macro-economic measures such as the 
ISEW methodology is discussed drawing on the theoretical and accounting problems 
discussed in previous chapters. Further, the research is summarised and suggestions for 
future work are made. 
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2. The Role of Capital in Adjusting Macro-economic 
measures 
The concept of capital has been used as a tool in theoretical and empirical economic 
analysis since the 17a' century, when capital was used as a way of describing a 
heterogeneous package of human-made goods. The interest in the capital concept has since 
been plentiful. The most recent interest in the concept, both in the theoretical economic 
literature and the empirical accounting literature, is within the context of conceptualising 
and measuring sustainable development. This is clear from the illustration of different 
types of adjusted macro-economic measures in the previous chapter and the review of the 
literature in this chapter. The objective of this chapter is to examine the concept of capital 
from the perspectives of economic theory and accounting frameworks in order to analyse 
the role of the capital concept in adjusting macro-economic measures with aspects of 
sustainability and its potential as a tool in measuring sustainable welfare. 
The chapter is outlined as follows: in section 2.1 the conventional and the expanded 
definitions of the capital concept are introduced. In section 2.2, the usage and the 
development of the capital concept in theoretical economic analysis are described along 
with some of the controversies concerning its theoretical application (e. g. stock versus 
flow, aggregation and substitutability). Drawing on this development, the way in which 
the capital concept has become a tool in the theoretical literature to define and 
conceptualise sustainable development is discussed in 2.3. In section 2.4 the capital 
concept as a tool in the conventional accounting literature is described and its function in 
some macro-economic measures is discussed in section 2.5. How the capital concept has 
and can be used as a tool in integrating sustainability into macro-economic measures is 
analysed in 2.6. Finally, section 2.7 summarises the findings, discusses the hypothesis that 
capital has a role to play in measuring sustainable welfare and highlights some criticism 
that has been directed towards using the capital concept as a tool in conceptualising and 
measuring sustainability and sustainable welfare. 
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2.1 The concept of capital 
Within the economic theoretical and empirical accounting literature, the concept of capital 
has often been seen from two different perspectives - from the business/accounting view 
where capital is regarded as a financial resource and the economist's view where capital is 
considered an input to production creating output (goods and services). This research 
utilises the latter perspective of the capital concept - capital as a production factor - as a 
basis for the work on analysing the role of capital in measuring sustainable welfare. One 
conventional economic definition of this perspective of the capital concept is the one 
below reproduced from Macmillan Dictionary of Modern Economics. 
Capital: "A word used to refer to a factor of production produced by the 
economic system. Capital goods are produced goods, which are used as factor 
inputs for further production. As such capital can be distinguished from land and 
labour which are not conventionally thought of as being themselves produced by 
the economic system. " 
Many different interpretations and definitions of the capital concept exist however, even 
after it has been divided it into the above two perspectives. For example, as early as the 
beginning of the 20th century, Fisher (1906) reviewed and discussed a number of different 
interpretations of the capital concept. The underlying thesis of most of these definitions 
seemed to be threefold: Capital has a productive capacity, capital generates dividends 
for the future and that capital only includes factors that themselves have been 
produced in the economic system. It seems that today, these three factors are still 
functioning as a guideline for the classification of capital. For example, as will be shown 
later in this chapter, until recently the definition of capital used in the conventional system 
of national accounts has been consistent with these three factors. 
By studying these three factors, it is clearly the case that only human-made goods, such as 
machinery and buildings, will be classified as capital. The reason being that for something 
to be classified as capital it must be produced in the economic system. This criterion is 
only fulfilled by human-made goods. However, by relaxing this condition a broader 
definition of capital would mean that all assets having productive capacity, which generate 
dividends for the future could be classified as capital. This would mean that capital could 
for example include natural capital (ecological economics - El Serafy 1993, Berkes & 
Folke 1992), and human capital, (human capital theory - Becker 1975, Lucas 1988, 
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Mankiw et al 1992). El Serafy (1993) expressed a broader definition of capital where land 
is included. 
"The capital of an economy is its stock of real goods, with power of producing 
further goods (or utilities) in the future. Such a definition of capital would 
probably be acceptable to most economists (Hicks 1974). Viewed as such, capital 
would comprise land, considered in classical economic thinking as a separate 
factor of production. Land would qualify as part of the stock of real goods, 
capable of producing further goods. And it is only a short step to extend such a 
definition to Nature, but as a source of raw materials and as a receptor of waste 
generated in the course of economic activity ". (El Serafy 1993: 168) 
By relaxing the condition of 'being produced in the economic system', the theoretical 
economic and accounting literature commits to four different types of capital: Human- 
made capital, natural capital, human capital and social capital. The term human-made 
capital' is often used in two different ways; either as a generic term for all capital 
produced by human beings including physical capital, human capital and intellectual 
capital or as a term only including physical capital. Physical capital includes machinery, 
buildings, equipment etc. It is the latter of these definitions that is used in this report. 
Human capital is often defined as the skills and knowledge of the human being, 
sometimes also used as a generic term for intellectual and social capital. Intellectual 
capital is often referred to as the knowledge of the human being. Intellectual capital is 
also, sometimes, referred to as the state of technology. Daly (1994: 30) defined natural 
capital" as: "the stock that yields the flow of natural resources". However, many different 
definitions of natural capital exist. Most refer to renewable and non-renewable resources 
and their provision of services (Serageldin & Steer 1994: 30). However, natural capital in a 
broader sense also includes the sink service it provides and the life-supporting and 
biological function of for example water, land and air (van Dieren 1995, Ekins et al 
1992: 52). A broad definition of social capital is the community and the social structure in 
the economy. Sometimes also referred to as organisational or institutional capital. (For 
discussions of social capital see, for example, the World Bank 1997). The concept of 
social capital lies outside the boundaries of this thesis. 
' Sometimes also referred to as man-made capital, however, human made capital is seen as the more 
politically correct term. 
Sometimes also referred to as ecological or environmental capital. 
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Berkes and Folkes' (1992: 13 1) view of the capital concept can be seen as the way in 
which the concept of capital is looked upon in this thesis: "the term capital should be 
thought of not as a reduction into economic terminology, but as a short-hand to allow the 
exploring of a system approach ". 
2.2 The concept of capital in economic theory 
The concept of capital in the theoretical economic literature has mainly been used to 
describe a factor of production that has been produced in the economic system. This is 
clear when reviewing the usage of the capital concept in such literature. In this form it is 
often used in the theory of production where the relationship between factor inputs and 
production outputs are analysed to explain economic growth and differences in economic 
growth. Capital is in fact one of three production factors often referred to when analysing 
the production of goods and services in an economy. Labour and land are the other two 
production factors. Capital is often referred to as produced goods, such as machinery, that 
can be used for further production. Labour is often defined as human resources available 
for production, often measured in people available for work. Land has often been referred 
to as all beneficial powers of nature, which can be used in the process of production. The 
three production factors are combined to produce goods and services and are often 
expressed in an aggregated production function. The production function most often 
quoted is probably the neo-classical Cobb-Douglas production function. Capital and 
labour are the two production factors used in this function combined with technology. The 
mathematical expression of the Cobb-Douglas production function is: 
(2-1ý Qt= At * Lt("* Ktß 
Where Q is the output (goods and services) in an economy. Q is a function of the factor 
inputs Labour (L) and Capital (K). A, a and ß are constants determined by technology. 
The exogenous technology determines the productivity of year t. At is a measure of the 
overall productivity in year t, while a and ß are the productivity of labour and capital 
respectively. A production function states the relationship between the quantity of input 
and the maximum output quantity. When output grows it must be as a result of some 
combination of the above three variables. 
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Up until the 1950s the interest in production functions and capital as a production factor 
was mainly directed towards explaining short-term fluctuations in economic activity. 
These short-term fluctuations could for example be shocks in the form of aggregated 
demand (change in demand due to, for example, fall in net exports) or price disturbances 
(such as the oil price shock). During the 1950s economists' interests shifted from 
explaining short-term fluctuations to an interest in projecting future growth as well as to 
understanding long-term variations in growth rates. In fact, since the 1950s the interest has 
mainly been focused on explaining long-term growth, with the exception of the business 
cycle theory at the end of the 1960s (Fusfeld 1990). In long-term growth analysis it was 
the capital concept in the production function (Kt in equation 2-1), which received 
increased attention and role, due to its characteristics of generating dividends for the 
future. Two of the first researchers cited as publishing work on long-term economic 
growth were Harrod (1948) and Domar (1957)3. The idea behind the Harrod and Domar 
model was that output should be seen as a linear function of increments" to the real capital 
stock (capital accumulation). They followed the acceleration principle. This principle 
determines the potential of investors to invest; i. e. investors are influenced by the expected 
change in the level of output when they determine their investment rate. It was also 
assumed that a constant capital-output ratio applied', this latter condition has been 
interpreted as implying zero substitution between capital and labour. Jones (1975: 59) 
argues that even though this is not explicitly discussed in the model, it is true that Harrod 
argued that labour and capital are "technically substitutable but in practice fixed due to the 
inflexibility of factor prices, in particular the interest rate". The issue regarding 
substitutability will be reviewed later in this chapter. 
The development of long-term growth analysis and the assumptions about capital, 
accelerated when the neo-classical school picked up Harrod and Domar's work on long- 
term growth. The neo-classical growth theory6, as opposed to Harrod and Domar's 
Keynesian growth theory allowed for substitutability between capital and labour in the 
production function analysis. This dealt with some of the instability that was found in the 
3 Their work is often referred to as the Harrod and Domar model, as their features are very similar. 
These increments are the additional investments and the increased productivity of extra capital. 
The ratio of the amount of capital to the amount of output produced by that capital. The capital-output ratio 
is calculated by dividing the level of output by the stock of capital needed to produce the output. 
6 Solow (1956) and Swan (1956) are mutually seen as the founders. 
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Harrod-Domar model caused when investors invested too little in the economy due to 
expected growth rate was smaller than the warranted rate. The neo-classical growth 
models saw population and technical progress to be the determinants of economic growth. 
Capital accumulation was mainly seen as determining the capital to labour ratio. 
During the 1980s and the 1990s there was a rising interest in long-term economic growth 
and the usage of the capital concept within this context. The reasons are here thought to be 
several. Firstly, researchers became interested in explaining the residuals in the long-term 
economic growth models. This in turn led to an increased role for the expanded capital 
concept including human and natural capital in the models. Secondly, the increased 
interest in the welfare and well-being of future generations, as a direct result of the 
integration of the sustainability concept into economic analysis, led to an increased interest 
in long-term economic growth analysis. The developments of human and natural capital in 
the theoretical analysis of economic growth are reviewed below. 
2.2.1 Human capital 
As said above, the interest in exploring long-term growth continued during the 1980s and 
the so-called 'modern growth theories" developed. These theories aimed to explain that 
part of economic growth (the so-called residual) that could not be explained by human- 
made capital, labour and exogenous technology (Lucas 1988, Romer 1994). The neo- 
classical growth theories had namely assumed that technological progress was exogenous: 
"long-term per capita growth rate is pegged by the rate of exogenous technological 
progress" (Barro & Sala-I-Martin 1995: 12). The modern theories abandoned the 
assumption of exogenous progress, as it was seen as a limiting factor for economic 
growth. This led to many so called endogenous models entering into the modelling of 
economic growth (e. g. Romer 1994). These models suggested that the residual could be 
explained by endogenous technological progress and by improvements in human capital. It 
was through these models that human capital received attention, since knowledge is a 
source of technological progress (Gemmel 1996: 9). In fact, the role of human capital in 
Barro and Sali-I-Markin (1995) refer the development of growth theories after 1980 as "modern growth 
theory". 
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growth theories has been suggested to be twofold (Gould & Ruffin 1995, Lucas 1988) - 
firstly as an input to production and secondly as a determinant of technological progress; 
" The role of human capital as an input to production. 
As said above, the neo-classical Cobb-Douglas function includes labour and capital as 
factors of production but does not include human capital. Traditionally, in these models 
labour have not been seen as human capital, as the function does not account for the 
quality of the human being in form of skills and knowledge. As Schultz (1961) 
emphasised; labour in these models is measured in work hours, which totally ignores the 
quality aspect of the labour. 
"The failure to treat human resources explicitly as a form of capital, as a 
produced means of production, as the product of investment, has fostered the 
retention of the classical notion of labour as a capacity to do manual work 
requiring little knowledge and skill, a capacity with which, according to this 
notion, labourers are endowed about equally. This notion of labour was 
wrong in the classical period and it is patently wrong now. Counting 
individuals who can and want to work and treating such a count as a measure 
of the quantity of an economic factor is no more meaningful than it would be 
to count the number of all manner of machines to determine their economic 
importance either as a stock of capital or as a flow of productive services. " 
(Schultz 1961: 3) 
Is it possible to integrate the quality of human beings, along with human-made capital into 
the production function and thereby respond to Schultz's criticism? One way could be to 
treat labour as human capital. There are many researchers who have regarded human 
beings or their acquired skills as a component of capital e. g. Smith (1937), Lucas (1988), 
Romer (1990) and Mankiw et al (1992). To illustrate the impact the inclusion of human 
capital can have on a growth model, an attempt by Mankiw et al (1992) to augment the 
Solow model with human capital is reviewed. 
The Solow model is a growth model that applies the Cobb-Douglas production function 
(Solow 1956). Solow showed that the exogenous variables of savings and population 
growth could explain the "steady-state level of income per capita" (Mankiw et al 
1992: 407). In 1992, this model was augmented with human capital by Mankiw et al 
(1992). The reason for doing this was that when comparing the Solow model with 
empirical results, they found that Solow's conclusion of the impact of savings and 
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population growth on income was correct, but that the impact was not as large as the 
Solow model implied. In trying to design a model that predicts the relationships better, 
Mankiw et al (1992) augmented the Solow model with human capital. They found that 
accumulation of human capital was correlated with saving and population growth. The 
augmented Solow model could explain 80% of cross-country variations in income 
(Mankiw et al 1992: 421). Within the model, it was assumed that human capital was 
determined by the return on investment in education. The return on investment was 
estimated as the difference between the minimum wage rate and the total labour income. 
This augmented Solow model has, however, been subject to debate in the literature (Gould 
& Ruffin 1995, Benhabib & Spiegel 1994). Benhabib & Spiegel (1994) used a version of 
the augmented Solow model to identify the role of human capital in economic 
development. But, contrary to Mankiw et al (1992) and Gould & Ruffin (1995), they 
conclude that human capital does not significantly determine economic growth. However, 
they found that the productivity of the economy was influenced by human capital in two 
ways; firstly human capital directly influenced the rate of domestically produced 
technological innovation and secondly the capital stock affected the speed of adaptation to 
technology from abroad. This does not show up in the neo-classical production function as 
it assumes technology is determined exogenously. Therefore as a response to this a new 
model had to be developed that assumed an endogenous process, which leads us to the 
second role of human capital in growth theory. 
" The role human capital plays as a determinant of technological progress 
An endogenous growth model emphasises that "economic growth is an endogenous 
outcome of an economic system, not the result of forces that impinge from the outside" 
(Romer 1994: 3). This is opposed to the neo-classical model described above which 
assumes growth is determined by exogenous processes. Human capital has a role in the 
endogenous growth model as it can work as an "engine of growth", along with its role as 
an input in production (Lucas 1988). Endogenous growth theories attempt to incorporate 
technological progress as a function of human capital. Hence, it is thought there is a 
relationship between technological progress and the stock of human capital. Technological 
progress could be defined from the stock of Research & Development (R&D), number of 
scientists and engineers or the level of spending on R&D. 
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From the two above roles of human capital, it can be seen that human capital has come to 
play a role in theoretical economic analysis. The evidence also points towards the fact that 
human capital can contribute to explaining some of the residual variance in growth 
models, even though the views on this are divided and more work on this issue is needed. 
Further, the issue of the relationship between human capital and technological progress is 
a very important one. The integration of technological progress into growth models either 
directly or through human capital is currently being researched into (Weitzman & Löfgren 
1997). 
Even though human capital has been seen as an important variable within the modern 
growth theories, as a production factor and as a determinant of technological progress, it is 
a factor, which often is excluded when conceptualising sustainability. The reason being 
that sustainability is often seen as synonymous with environmental sustainability and the 
social and human aspects are ignored. However, the interest in these aspects is growing 
and it is likely that human capital, due to the increased interest, will become a tool in the 
conceptualisation of the human resource part of sustainable development, building on the 
development of human capital in the modern growth theories. 
2.2.2 Natural Capital 
The use of natural capital in economic analysis is not a novel idea, even though its 
definition and emphasis have changed over the years. Land' had already been recognised 
by William Petty in the 17th century as an input to production (Daly & Cobb 1994: 109). 
Petty thought of land as contributing to wealth, with labour producing the profit. This is 
just the opposite of the thinking of the French Physiocrat (also in the 17th century), who 
believed that the surplus was achieved as results of the input of land not labour (Daly & 
Cobb 1994: 109). Towards the end of the 17th century John Locke followed William Petty's 
8 The concepts of land, natural resources and the environment have sometimes been used interchangeably in 
the literature. It has been common for economists to use the concept of land, even though they might mean a 
broader term including natural resources and the environment. One of the reasons for this might be that 
agriculture was, for a long time, the dominating resource in the economy. Daly and Cobb point out that " It is 
important to note at the outset that "land" as used by economists is the inclusive term for the natural 
environment" (Daly & Cobb 1994: 97). 
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view that land was the passive part of wealth and developed a labour theory of value, 
where the surplus was a result of the labour input9. 
The eighteenth century saw a renewed interest in land and natural resources, this time 
from the classical economists (Smith, Mill, Marshall, etc. ). Their reason for analysing land 
was, however, different from the physiocrates (who saw land as a factor of production). 
Classical economists saw land as the limiting factor of economic growth, this is because 
land was treated as fixed and as a necessary input to production. Malthus (1798), a 
classical economist concerned with population growth, is most famous for his warnings 
that population grows by geometric progression while land (natural resources) grows by 
arithmetic progression. This would have devastating consequences for long-term growth. 
Ricardo, another classical economist, developed Locke's labour theory of value, and 
introduced what has become known as Ricardian land, which meant space. He saw land 
simply as space, contributing neither to the value nor the price of commodities (Daly & 
Cobb 1989: 109). 
When the neo-classical economists began to dominate economic thinking around 1870, 
their use of marginal analysis almost put an end to the concern that the classical 
economists had expressed about long-term growth (Pearce and Turner 1990: 10), since the 
emphasis now lay on price determination and market structures. The neo-classicists did 
not, in general, include land. If they did it was treated as an exogenous variable. Their 
view was that economic growth could be indefinitely sustained and that land played no 
role in economic analysis (land was not seen as a fixed entity). Since the 1950s there has 
been a shift towards interest in long-term growth and natural capital even within the 
boundaries of neo-classical economics. Attempts have been made to adjust the neo- 
classical production function with natural resources (Herfindahl and Kneese 1974: 97, 
Dasgupta and Heal 1981 (reviewed in Victor 1991: 195)). A Cobb-Douglas production 
function augmented with natural resources could be represented as follows: 
(2-2) Qt=At * Lt a* KtP* Rtr 
9 The labour theory of value was important in the 18'h and 19th centuries, but gave way to the neo-classical 
marginal value theory (Daly and Cobb 1994: 109). 
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Where A, a, ß, Y>1. K is the quantity of capital, L is the quantity of labour and R is the 
quantity of natural resources. At is a measure of the overall productivity in year t, while a, 
ß and Y are the factor shares of labour, capital and natural resources. The factor share 
reoresents the importnace of each factor to growth per se, relative to the other factor 
shares. As can be seen, this production function differs from the conventional Cobb- 
Douglas function (in equation 2-1) in the sense that resources (R) are included. 
Environmental and natural resource economists (as Herfindahl & Kneese (1974) and 
Dasgupta & Heal (1981) could be classified as) use the natural capital concept in 
analysing the linkages between environment and the economy. Natural resource 
economists mainly concentrate on natural capital that is directly used in economic 
production, while environmental economists seem to take a somewhat broader approach. 
The main issue that has been discussed within this field is the efficient and optimal use 
(depletion) of natural capital over time. For example what is the optimal depletion rate of a 
non-renewable or the optimal harvesting of renewable natural capital? 
Ecological economists are another group that use the natural capital concept: "Ecological 
economists speak of natural capital, human capital (and/or cultural capital) and 
manufactured capital when categorising the different kinds of stocks that produce the 
range of ecological and economic goods and services used by the human economy" 
(Berkes & Folke 1994: 2). The aim of ecological economics is to develop a deeper 
understanding of ecosystems and economic systems (Berkes & Folke 1994: 2). The 
concept of natural capital is an important variable in doing this, as it helps to incorporate 
the environment into formal economic analysis (El Serafy 1991, Ahmad et al 1989). 
National accountants and material flow accountants have also shown interest in the 
economic-environment linkage. As will be reviewed in section 2.4, national accountants 
use the natural capital concept to integrate environmental and natural resources into the 
system of national accounts (or into a satellite account). Material flow accountants are 
interested in material flows within the economy. This is closely linked to environmental 
statistics (physical data) and to the input/output tables within national accounts. This group 
uses natural capital to define the stock and hence the flow of natural capital in different 
sectors of the economy. They apply the input/output analyses developed for example by 
Ayres & Kneese (1969) and Leontief (1970), where the physical flow of material 
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throughout the economy is traced. The material balance principle provides a framework in 
which economic analysis of resources can be carried out. 
2.2.3 Capital concepts 
The usage of the production factor capital (whether expanded to include human and 
natural capital or not), to explain short and long-term movements in the economy has not 
been uncontroversial within the capital theoretical literature. Some of these controversies 
and discussions have resurfaced with the use of the capital concept in conceptualising 
sustainable development. The stock and flow of capital, substitutability and aggregation, 
are some of the issues that have come into view. 
It is important to distinguish between the stock and the flow of capital, as the term capital 
is often used to describe both. The stock of capital represents total assets in an economy 
and is free from a time-dimension as it represents a unit or a resource at one particular 
instant of time. The stock concept by itself is used for measuring long-term trends, 
technical progress projections, cyclical fluctuations and national wealth in an economy. In 
fact, Fisher (1906) defined the stock of capital as the quantity of wealth at one particular 
time (derived as the present value of future consumption) and Costanza & Daly (1992: 38) 
defined capital as a "stock that yields a flow of valuable goods and services into the 
future ". The flow of capital, on the other hand, represents a happening over a specified 
time period. In the literature the flow concept is used to describe several aspects of the 
capital concept. Firstly, the factors that influence the size and value of the capital stock are 
named capital flows. These factors could include investments, depreciation and 
appreciation of capital. Another capital flow - the services flowing from the stock of 
capital - is used to describe the goods and services that the capital stock produces. In fact, 
according to Fisher (1906) the flow of services through a period of time should be called 
income. It is the capability of the capital stock to create these service flows - or income, 
which determines the future growth and consumption possibilities of the economy and 
hence welfare. Therefore both the stock of capital and the service flowing from the capital 
stock are important determinants of sustainable welfare. The human capital stock provides 
for the services such as knowledge and skills, which can affect welfare through their 
impact on income levels and physical well being (through for example improved health). 
Natural capital provides for welfare through environmental services such as; sub-soil 
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resources for production, absorption of waste, fixed resources (such as air and land) for 
recreation and for biophysical functions etc. If these services are disturbed, through for 
example pollution, this will have a negative effect on welfare. If the stock of capital is 
changed, for example through depletion, the welfare of future generations can be affected. 
Substitutability between different types of capital is an important and controversial issue, 
which has been subject to debate as a result of the interpretation of sustainable 
development as maintaining the capital stock intact (Beckerman 1994, Jacobs 1995, Daly 
1995). The question of substitutability has also been discussed in production function 
analysis. Within the economic literature there are divided opinions regarding the 
possibility of substituting the production factors for each other. In the classical analysis, 
labour and capital were treated as complements (Kaldor 1968: 180). The Harrod-Domar 
model implicitly assumed zero substitution between capital and labour, due to the 
inflexibility in prices. This originated from their assumption about fixed coefficients of 
technology (at every moment of time the ratios between output, capital and labour are 
fixed). The neo-classical school criticised this assumption since it caused instability. They 
suggested that this could be overcome by assuming substitutability between capital and 
labour. Tobin and Solow (referenced in Hacche 1979: 34) argued that capital and labour 
are flexible and that this cannot be ignored, especially in long-run analysis. The reason 
why the neo-classical model could assume a high degree of substitution was that it viewed 
capital as malleable, homogenous and non-specific. This has also led to the neo-classicists 
assuming that substitution is not only possible between capital goods and other resources 
(labour) but also between different types of human-made goods. The main reason for 
substitution was the possibility of increasing the output-capital ratio by substitution. The 
possibility of substitution between different production factors (inputs) can be measured 
by holding the output constant and measuring the ratio of the marginal product of labour 
and the marginal product of capital. Assume that a certain output (Q) can be produced 
with Lo units of labour and KO units of capital. If labour input is marginally increased to 
L1, the same output can be reached with less capital; K1. 
" The marginal product of capital: Increase in output (Qo - Q, ) / Increase in capital (Ko-K1) 
9 The marginal product of labour: Increase in output (Qo - Ql) / Increase in labour (Lo-L1) 
" The rate of substitution: The marginal product of capital / The marginal product of labour 
32 
The substitution possibility between different types of commodities in the neo-classical 
model are interesting, as they would not only reveal the possibilities to substitute between 
different types of human-made capital, but also between different types of capital (human, 
natural, human-made capital). Whether goods are classified as substitutes or complements 
depends on whether the cross elasticity is positive or negative. Goods are substitutes when 
the cross elasticity is positive, and complements if the elasticity is less than zero. If the 
goods are not related the elasticity is zero. The cross elasticity of demand can be expressed 
as 
(2-3) m =(dQx/Qx) / (dPy/Py) 
Where x and y are two different goods, Q is the quantity of the good and P is the price of 
the good. The Cobb-Douglas production function augmented with natural resources, as 
shown earlier, implies that there is a constant degree of substitution possibilities between 
the different production factors and that these substitution possibilities never diminish 
(Victor 1991: 196). This is a problem for sustainable development and will be discussed 
later. 
A third controversy related to capital is its aggregation. Capital is heterogeneous in nature, 
and this has caused problems when aggregating the capital stock, as it is difficult to 
aggregate things that are expressed in different units. This problem is closely related to the 
substitution controversy discussed above, as not everything might be a direct substitute. 
Solving the aggregation problem has long been subject to debate within the capital 
theoretical literature. In fact, the neo-Keynesian and neo-classical schools have had a 
major dispute over the measurement of the concept of capital. This dispute is sometimes 
referred to as the Cambridge controversy since the dispute has been mainly between 
Cambridge, England (neo-Keynesian) and Cambridge, Massachusetts (neo-classical) 
(Harcourt 1972). The area of debate was the neo-classical assumption about miscellaneous 
and homogeneous capital goods. The neo-Keynesians, argued that if capital was assumed 
to be homogeneous, then it is not difficult to aggregate all capital and use it in an 
aggregate production function. But if capital is not homogeneous, the neo-classical model 
was no longer feasible. Hence, Joan Robinson (referenced in Jones 1975: 129) reasons that 
the "neo-classical conception of capital, measured as a single number could not be 
logically sustained". The neo-classicists assumed that the aggregation of the capital stock 
33 
could be made by adding up the value of the capital stock. The value could for example be 
derived through the accumulated sum of past investment expenditure or the expected 
future net returns (discounted) from the capital stock. This meant that the value of the 
capital good was derived from the value of the final product. However, Robinson argued 
that the present value method used to value capital would lead to a circular argument. 
Hence, in the neo-classical production theory, the cost of production is the cost of inputs. 
If the cost of production input, such as capital, get their value from the final product that 
they produce, the circular argument arises as the goods that are produced can not be 
determined until the cost of the production inputs (capital) are determined (Fuseld 
1990: 161). While the cost of production in a neo-classical model is the price of inputs 
(such as capital), the neo-Keynesians argue that the value of capital goods is not the value 
of the capital good itself but the value of the final good they produce. Joan Robinson (in 
Jones 1975: 129) suggested that the labour time directly or indirectly required to produce 
the product should be used instead. Another suggestion is to use the service value: Fisher 
(1906: 36) argued that it is "the value of the services and not the value of the object that 
should be calculated'. The value of capital should therefore be computed from the value 
of its estimated future net income. Take land as an example, the value of the stock of land 
is determined by the income from the stock (the yield). The income will depend on the 
prevailing market value of the yield, which will in turn determine the value of the land. 
The implications of these capital concepts for sustainable welfare are discussed below. 
2.3 The role of capital in conceptualising sustainable 
development 
Two main roles of the capital concept with respect to sustainable development arise from 
the above review of the treatment of the capital concept in the theoretical literature. 
Firstly, a wider perspective of growth, development and welfare is possible by using an 
expanded capital concept. Secondly the concept of capital has become one way of 
conceptualising sustainable development. 
From the review, it can be seen that the concept of capital has been applied to both human 
and natural resources within conventional economic analysis. Thus far, the focus has been 
on human-made capital, since capital has been defined as something produced within the 
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economic system. However, attempts to explain the residuals in long-term endogenous 
growth models have led to renewed interest in human capital. Further the increased 
interest in the relationships between the environment and the economy has led to an 
expansion of the capital concept to include natural capital. Many of the capital related 
issues that are discussed in the theoretical literature have also been important issues for the 
expanded capital concept. One good example of this is the substitutability of capital. This 
issue is also related to the second role of capital - the role it has come to play in 
conceptualising the concept of sustainable development. 
The size and the composition of the capital stock has become a way to conceptualise 
sustainable development. Hence, a common definition of sustainable development is to 
express it as non-declining consumption between generations. This implies that future 
generations should have at least the same consumption possibilities as the current 
generation. One way of achieving this could be by investing an amount of capital that 
would provide future generations with the same consumption possibilities as the current 
generation. A rule often referred to here is the Hartwick rule (Hartwick 1977): this states 
that a non-declining consumption can be achieved by investing the resource rents derived 
from depleting non-renewable capital into human-made capital (this is also referred to as 
Hartwick's savings rule). Another definition of sustainable development that uses the 
capital concept is to maintain the capital stock intact. Hence by maintaining the capital 
stock in the economy intact, the economy can be argued to be sustainable. 
In both of these definitions, the conceptual problem of whether it is the total amount of 
capital or rather each capital factor that should be kept intact arises. This brings up the 
issue of the possibility of substitutability between the different capital factors, which as 
highlighted in the review above, has been discussed in the theoretical economic literature. 
With respect to the definition of sustainability this has led to a debate about weak and 
strong sustainability, highlighted in chapter 1 (Pearce & Turner 1990, Victor 1991, Daly 
1995, Beckerman 1995). The underlying question is whether or not the different types of 
capital are to be regarded as substitutes or complements. Weak sustainability allows a high 
degree of substitutability between different types of capital. The view of weak 
sustainability originates in neo-classical analysis. Using the Cobb-Douglas production 
function (equation 2-1 and 2-2), this would mean that an elasticity of I is assumed. Hence, 
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human-made capital can be exchanged for another type of capital such as natural or human 
capital. However, it should be noted that in the Leontief function which is often used in 
input and output models, an elasticity of zero is often assumed, i. e. no substitution is 
possible (Perman et al 1996: 119). This implies strong sustainability, where it is supposed 
that different types of capital are complements rather than substitutes. The advocates of 
strong sustainability have several arguments why almost all of natural and human-made 
capital should be seen as complements. Daly, (1994: 225) lists three of these: 
" If human-made capital and natural capital were perfect substitutes, there would have 
been no reason to accumulate human-made capital in the first place. 
" To be able to produce more human-made capital more natural capital is needed. 
" It is to some extent possible to substitute raw materials with another resource, for 
example labour, but there are limits to the substitution. For example, for building a 
house there is a necessity for some raw materials, otherwise the labour cannot build. 
To a certain degree the advocates of weak sustainability also admit that natural and 
human-made capital cannot always be substituted, For example natural capital provides 
basic life support. Maintaining the natural capital stock intact is also a way of ensuring 
that the resilience of economic and ecological systems is preserved. This is important, for 
example, when external and internal shocks occur. For natural capital there is one 
additional issue to take into account. The natural capital stock is very diverse, and often 
the different components are not substitutable. For example the depletion of mineral 
resources cannot be compared with the degradation of water. Due to this, the substitution 
issue is one of the main problems when using the natural capital concept. Several authors 
have pointed out that there is a great risk in treating natural resources as capital (Victor 
1991, Gowdy 1994). For example, the London School (as defined by Victor 1991) do 
acknowledge that there are limitations with the neo-classical approach and admit that 
human-made capital is not independent of natural capital and that natural capital fills 
several other functions than being productive and hence the substitution possibility might 
be restricted. 
Much of the interest in capital as a tool in conceptualising aspects of sustainable 
development has been concentrated on natural capital. In equation 2-2 an example of an 
augmented production function was given, where resources had been integrated in the 
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production function. The main interest in this augmented production function has 
developed as a result of increased interest in the environmental and economic linkage in 
the economy to find out for example the optimal use of non-renewable resources. With the 
increased interest in sustainability, the focus has shifted towards evaluating the effect that 
the use of natural resources can have on the overall current and future well-being. It 
should be noted that within the production function analysis, it is the productive capacity 
of the capital concept that has been emphasised. For natural capital this has resulted in the 
analysis concentrating on the input of non-renewable and renewable natural resources into 
the production function. Pearce & Turner (1990) acknowledged that this narrow view of 
natural capital has been used within the sustainability function. The other functions of 
natural capital such as a sink where wastes from production and consumption are 
absorbed, neutralised or recycled and the provision of biological and life supporting 
functions such as climate, ozone layer and more recreational/aesthetic services such as 
scenic views are thereby set aside. When using natural capital as a way of conceptualising 
environmental sustainability, it is important to make clear whether or not it is just the 
tangible productive part of natural resources that has been taken into account or if a 
broader view has been taken. 
Inclusion of the environment and natural resources into economic analysis is still more the 
exception than the rule. Daly & Cobb (1994: 111) point out that today "it is frequently a 
gain to get land treated with the same respect as capital, rather than as inert, passive, 
indestructible building blocks". However, the interest in sustainable development has led 
to increased interest in natural capital in economic analysis. 
2.4 The capital concept and the accounting framework 
The second perspective, from which the concept of capital is analysed, is that of empirical 
accounting. As the concept of capital has become a way of conceptualising sustainable 
development, it has also become a tool for measuring aspects of sustainability and 
integrating them into accounting frameworks. It is therefore important to have an 
understanding of the techniques used in accounting for capital and how these could be 
applied in measuring sustainable development and sustainable welfare. 
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An understanding of the empirical concept of capital can be drawn from international 
accounting systems, such as the system of national accounts (SNA). This system provides 
guidelines on how capital can be integrated into an accounting system. However, these 
accounting systems usually take a quite narrow view of capital by only including human- 
made capital. Independent research material must be consulted to find out about 
accounting methods for other types of capital, such as natural capital and human capital. 
Below, an overview of accounting practices for human-made, human and natural capital is 
given and their usage and role in measuring sustainable development and sustainable 
welfare are discussed. 
2.4.1 Capital in the System of National Accounts (SNA) 
The system of national accounts (SNA) is probably the most established international 
macro-economic accounting system. This system was devised by the UN statistical 
commission in the 1950s, and has since been adopted by the majority of the countries in 
the World. As highlighted earlier, the national accounts are based on a Keynesian view of 
national income accounting1°. The most widely used concept within this framework is 
without doubt the Gross Domestic Product (GDP). GDP is a monetary measurement of the 
total flow of goods and services over a specified time period, usually a year, in an 
economy. Gross National Product (GNP) is GDP plus the income gained by domestic 
residents arising from investments abroad, less income earned in the domestic market by 
foreigners from abroad. The system offers three ways of calculating the GDP, the 
expenditure approach, the output approach and the factor income approach. The GDP 
concept and the main framework of the SNA have been designed mainly to reflect short- 
term movements within the economy. Data for these short-term movements are registered 
in so called flow accounts. There are four such accounts: the production account, the 
income and consumption account, the capital formation account and the financial account. 
In the production account the transactions related to domestic production and/or 
consumption from all sectors are recorded. The balancing item in this account, is 'value 
added', which contributes to GDP. The income and consumption account shows all the 
consumption and income in all sectors. The balancing item here is the savings and dis- 
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savings. In the capital account the net domestic savings and the net capital transfers from 
the rest of the world are registered. The account is balanced with physical capital and net 
investment abroad. Finally, the financial account which registers the total changes in 
assets and liabilities. This account is sometimes combined with the capital account. 
In addition to the flow accounts, the SNA also gives guidelines on how to set up and keep 
balance sheets, which are necessary to reflect long-term movements in the economy. 
These balance sheets have not been a priority for most countries. The balance sheets 
reflect the capital stock, which as said in the previous section is a static concept measured 
at a specific point in time. The characteristics of flow and stock accounts with respect to 
the concept of capital are reviewed below. 
There are two types of capital registered in the 1968" version of the SNA; financial and 
real capital. Figure 2-1 illustrates the structure of capital within the national accounts. 
TOTAL CAPITAL 
Real 
Financial 
Ca ital 
Ca ital 
Human-made Capital 
Fixed Stock 
Cap tal Capital 
Reproducible Fixed Non-Reproducible Fixed Capital for Military 
Capital Capital Purposes 
Figure 2-1: Total capital in the 1968 version of SNA 
10 Keynes (1975: 2) "the structure of the national accounts, including the initial standard system of the 
United Nations (1953), reflected the Keynesian approach to explaining income determination, and 
incorporated a correspondingly narrow definition of saving and investments. " 
11 In 1993, a revised version of SNA was published along with a handbook on integrated economic and 
environmental accounting (SEEA). 
Here the 1968 version of inclusion of capital is described. 
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As can be seen from Figure 2-1, total capital consists of financial and real capital. 
Financial capital includes all capital formation (investment) that belongs to two objects, 
one asset and one debt. A bank loan, for example, is an asset for the bank and a debt for 
the borrower. All domestic assets and debts will cancel each other out, while the assets and 
debts towards the rest of the world will not. Therefore these should be accounted for. The 
difference between financial assets and debts is net financial saving. The total net financial 
saving in all sectors is identical to the net international position". 
Real capital includes human-made capital. One part of human-made capital is stock capital 
(or working capital). These are market products that are to be used in future production 
(half-ready goods, etc. ) and products that have been produced but not yet sold. The second 
and most significant part of human-made capital - is fixed capital formation, which 
includes all gross (new and re-investments) in fixed real capital. For a good to be 
classified as a gross investment it has to be used in future production and have a life 
expectancy of at least three years. As can be seen from Figure 2-1, there are three different 
types of fixed capital formation. The first type is reproducible fixed capital, which 
includes gross formation of reproducible fixed capital (machinery and buildings). It also 
includes investment in repairs that improve the efficiency or the lifetime of existing real 
capital. The second type, non- reproducible capital includes art, antiques and also changes 
in some natural resources such as land, forest and mineral resources but the inclusion and 
accounting of the latter variables is limited. The third type is fixed capital for military 
purposes, which is only taken into account if it can be used for civil purposes. 
Capital flows 
Capital formation and capital depreciation are both registered continuously and as 
quantities per unit of time, e. g. they could be said to be flow variables. Note that there is a 
difference between capital flows and the service flowing from the capital stock (as 
highlighted in section 2.2.3). The former is variables that affect the size of the capital 
stock whilst the latter is the goods and services (output) produced by the capital stock. In 
Table 2-1 below, the flow variables in SNA, registered in the capital formation account, 
are displayed. 
12 Which is the same as the net financial saving in the foreign sector. 
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+ Gross fixed capital formation: Includes physical human-made assets such as machinery and 
buildings and also plantations, timber tracts etc. 
+ Changes in inventories: Half-ready physical human-made goods and products that 
have not yet been sold 
+ Changes in non produced assets Only those with a real economic benefit such as 
improvement of land, reforestation etc. 
- Consumption of fixed capital: Only depreciation of physical human-made assets 
Table 2-1: Capital formation in the System of National Accounts 
The only non-produced assets included in SNA are those that lead to a real economic 
benefit, for example improvement in land (see section 2.4.3). The consumption of non- 
produced assets is not included in the capital account; it is instead registered as `other 
volume changes'. 
There are three different ways to measure capital flows such as capital formation. 
Production factor values, the capital consumption and the potential capital service (Ward 
1976). The first of these, the production value, is the actual net investment. The second 
approach is to accumulate the yearly consumption of capital. Either a replacement value 
can be used for the part of fixed capital used up or the actual part of the asset that is used 
up can be accounted for. In both cases there is a need to know the original value of asset 
and the lifetime. A third approach is to account for the potential capital services, where the 
annual value of an asset is derived through a present value approach (the expected future 
yield is discounted. ). 
There are three main problems with the inclusion of capital formation in the 1968 version 
of SNA: 
1. Only non-reproducible economic assets are included. This means that many 
environmental assets are overlooked. For an asset to be classified as real capital in SNA 
it had to be a resource capable of generating income. There were two additional 
restrictions: a) it must have an economic value i. e. a market value. b) It must be a 
product that has itself been produced. These limitations have led to real capital only 
including human-made capital and ignoring non-market assets (such as household 
labour and natural resources) (Finansdepartementet 1992). 
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2. Three domestic production groups account for investments in the economy. Households 
(houses and consumer durables), industry (plant & equipment, buildings, inventories) 
and government (plant & equipment, buildings, inventories). However, investments in 
consumer durables by households are not accounted for as gross capital formation but 
as consumption. This is misleading and attempts have been made to account for the 
services flowing from consumer durables (Berg 1989, Patterson 1992). 
3. Depreciation. Fixed capital has a limited lifetime due to wear and tear. This is 
accounted for by estimating the capital depreciation for fixed capital (except for 
government investments in roads and highways, since maintenance makes the lifetime 
of these assets very long and hence difficult to predict). Depreciation is only included in 
the net national product (NNP), which is not as commonly used as GNP. Depreciation 
can either be calculated by direct or indirect estimate. The most common method is to 
look at the changes in the stock between the beginning of the year and the end of the 
year. To do this, however, there is a need for stock estimates of fixed capital. The 1968 
SNA only includes depreciation of human-made capital and not depletion or 
depreciation of natural resources. 
The capital stock 
There is only one asset account in the 1968 version of SNA - the account for produced 
assets. The outline of the asset account is described in Table 2-2. 
Opening stock 
I+ Acquisition of new assets 
2- Disposal of existing assets 
3- Consumption of fixed capital 
4f Other changes in the volume of assets 
5f Changes in prices 
Closing Stock 
Table 2-2: The capital asset account in SNA 
Source: Harrison (1989: 31) 
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The generic term for acquisition and disposal of assets is gross capital formation. By 
deducting consumption of fixed capital, net capital formation is derived. The fourth 
component in Table 2-2, `other changes in the volume of assets' is the addition to the 
stock due to changes in non-produced assets. These changes could, for example, be newly 
discovered mineral reserves, improvements in land, depletion of forests etc. However, as 
said earlier only non-reproducible capital that has an economic value is included. The fifth 
component, revaluation, can have a major effect on the asset accounts when prices 
fluctuate. 
The balancing items of human-made capital (in the asset account) are valued at existing 
market prices at the time of the balance. It is, however, not easy to retrieve the market 
price13 as this demands price information on used goods. Replacement value is therefore 
often used as an approximation to the market value. But before a value can be imposed the 
actual level of the stock needs to be estimated. In Table 2-3 methods are suggested for 
estimating the gross capital stock. The first four methods are the most common approaches 
(Ward 1976). 
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Characteristic 
This method is based on historical capital formation expenditure. Past gross 
investment flows are accumulated and adjustments are made to take account of 
different life expectancies, price changes, changes in efficiency and improvements 
in quality (Ward 1976: 70). This method roughly involves accumulating year by 
year capital expenditure and deducting depreciation (see below). 
2. Surveys of Estimate the existing capital stock by going out in the field and collecting 
physical assets information about the capital stock. 
Information from company bookkeeping. However, companies do not 
coherent information therefore difficult to aggregate. 
Hypothetical asset replacement cost based on information from insurance firms, 
though this will not be available for all types of capital 
Based on the physical chi 
buildings and machinery. 
for example the number of 
Accumulation of the annual net savings rather than expenditures as in perpetual 
inventory method. 
The value on the stock exchange 
Estimates capital by adding up annual income flows. 
Table 2-3: Valuation methods of the gross human-made capital stock 
Source: Ward (1976) 
The final four methods can also be used as estimates of the net capital stock. Estimating 
the net capital stock in this way is often referred to as a `direct method'. However, it is 
more common to estimate the net capital stock indirectly by estimating capital 
consumption and deducting it from the gross capital stock. 
u Market price = the price at the acquisition date including delivery and installation fees. 
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2.4.2 Expanded capital 
Figure 2-2 below gives an idea of the types of capital, both those that are included in the 
conventional system of national accounts (SNA) as described above, and those, which 
could be included in a broader definition (broken lines). 
TOTAL CAPITAL 
Natural i Human Social 
Financial Capital Capital Capital 
Ca ital 
L- --- -' ----- º----- 
' Exploitable ; r----- , Real Capital I, , Permanent I 
LC ital Capital ----------- Resilience 
(land, air, water) , 
Human-made Capital . --- -- --- --, --- ------------' , ------- - on- Renew able 'N ý Renew ab le 
--------------- ----------- ' 
Stock 
Capital 
Reproducible Fixed 
Capital 
Non-Reproducible 
Capital 
Fixed Capital for Military 
Purposes 
Figure 2-2: Expanded capital concept 
As can be seen, Figure 2-2 is expanded with natural, human and social capital. Natural 
capital has been divided up into exploitable (renewable and non-renewable) and 
permanent natural capital. This classification will be further explained below. 
2.4.3 Natural capital in SNA 
One of the limitations with the 1968 version of the SNA, as highlighted above, is that it 
has followed the conventional definition of capital. Capital should have a productive 
capacity, it should generate dividends for the future and it should only include factors that 
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themselves have been produced in the economic system. In other words capital is 
synonymous with human-made capital. In 1993, a revised version of the SNA was 
published and the definition of assets was broadened to include a wider concept of non- 
reproducible assets (UN 1993a). It was also recommended that a second asset account 
should be set up - the non-reproducible asset account (UN 1993a). These 
recommendations were further developed in the handbook on how to integrate 
environmental and economic accounting published by the UN (UN 1993b). This handbook 
will hereafter be referred to as the SEEA (system of integrated environmental and 
economic accounting). Below, a short review of the inclusion of natural capital in SNA 
1968 (UN 1968), 1993 (UN 1993a) and SEEA (UN 1993b) is given. 
SNA1968 - Within the 1968 version of the SNA, those non-reproducible assets that have a 
market value and are controlled within the system, are included. These assets are 
sometimes referred to as cultivated assets and include managed land, fish farms livestock 
for breeding, orchards, plantations, timber tracts, etc. Further, those non-reproducible 
assets, which are used as input into production, such as land, minerals and forests, appear 
in the form of the economic rent that they contribute to the economy. Changes in these 
assets (for example mineral findings and mineral depletion), are registered as 'other 
volume changes', but are never included in GNP/GDP. 
SNA1993 - Directly comparable with SNA1968. However, here all non-reproducible assets, 
which have an economic value are included. These include tangible non-produced assets 
such as land, subsoil assets, non-cultivated biological resources and water resources. The 
value can be set either directly or indirectly. 
SEEA - The purpose of the SEEA is to provide "a picture of the interrelationships 
between the natural environment and the economy that is both comprehensive and 
consistent" (UN 1993b: 1). The recommendation in this handbook is that all non-produced 
assets should be included in the accounts, including those that do not have an economic 
value (e. g. air). With the integration of a broader concept of natural capital in SNA, the 
accounting procedures have changed (in comparison with the 1968 SNA version). In the 
1968 version of the SNA, if depletion and degradation of non-produced assets were 
included they were registered under'other volume changes'. In SEEA, both depreciation of 
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reproducible capital and non-reproducible capital (which include depletion and 
degradation of environmental assets) are recommended to be treated as capital 
consumption. Further, in SEEA it is recommended that these should be accounted for in 
the production accounts alongside consumption of reproducible capital. Only changes that 
do not affect economic decisions, but have an effect on the economy (such as natural 
disasters), should be registered under'other volume changes' in the SEEA. Another change 
is that both capital formation of produced and non-reproducible assets are recorded as 
gross capital formation. Revaluation and other changes in assets should still be recorded in 
the reconciliation account and thereby not affect the production or income accounts. In the 
SNA it has always been a principle that capital and losses should not affect the production 
and income concept (Thage 1993: 325). This is still the principle in SEEA. A change has 
however taken place in the capital formation account since not only the gross capital 
formation is recorded but also depreciation. Within the SEEA it is also recommended that 
five different types of assets should be included in a natural capital stock account. The five 
assets are: biological assets, land (with ecosystems), subsoil assets, water and air. These 
stocks are based on physical quantification from the materials/energy balances (material 
input/output) and natural resource accounting (natural resource stock is the emphasis). The 
stock of natural capital is calculated in a similar fashion to the stock of human-made 
capital. 
2.4.4 Classification and valuation of natural capital 
There are a number of different ways to define and classify the different types of natural 
capital that exist. Harrison (1989) made one such classification, where she classified 
natural capital into exploitable and permanent natural resources. Exploitable resources 
included both renewables and non-renewables. By permanent resources Harrison referred 
to air, water and land, which in general can be regarded as free resources, which means 
that they are not directly included in an economic function. This type of classification is 
important for their potential integration into accounting systems. 
Exploitable renewable resources are derived from solar energy. The characteristics of 
renewable resources are that they have a regenerative capacity and yield services that can 
be harvested. Regeneration of renewable capital takes place if the resources are maintained 
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or left alone. Renewables can be harvested over and over again as long as the resource is 
allowed to regenerate. However, depletion can occur if there is heavy use of renewable 
resources. The maximum stock of renewables is decided by the carrying capacity of the 
ecosystem. 
Within the system of national accounts, the yields from renewable resources are accounted 
for as benefits. This is also the case when the harvesting of the yield exceeds the natural 
growth of the resource, in spite of the fact that this is unsustainable. In fact for a renewable 
resource, the stock is sustainable when the harvest is equal to or less than the regeneration 
capacity of the resource. This is also called the maximum sustainable yield (MSY). In 
order to sustain renewable resources harvesting may not exceed the sustainable yield. To 
establish whether or not the capital stock has been kept intact, a reference (base line) is 
required. Two rules should be followed to maintain the stock of renewable resources intact 
(Pearce and Turner 1990: 44): the harvest rate should be smaller than or equal to the 
natural regeneration rate and the waste flow to the environment should be smaller than or 
equal to the assimilative capacity of the environment. 
Qualitative degradation can be restored by allowing renewable resources to regenerate by 
leaving them alone or by careful maintenance. The problem within the SNA is that as yet 
there is no procedure for accounting for a situation where harvesting exceeds the natural 
growth of the resource. Forest accounts are one area where an attempt has been made to 
correct this, one example of this is within the Swedish environmental accounts where 
forest accounts have been established (Konjunkturinstitutet 1998). 
Exploitable non-renewable capital includes coal, oil, gas, etc., i. e. sub-soil assets. The 
characteristic of a sub-soil asset is that it cannot regenerate. The stock of assets can change 
over time depending on; the depletion rate of the resource, new discoveries (e. g. improved 
technology that allows extraction of assets that were not possible before), etc. It is often 
the proven reserves of the sub-soil assets that are classified as the stock of non-renewable 
capital, see Figure 2-3 (from The Natural Step 1992). This diagram is based on 
McKelevey (1972) and is a typical illustration of the reserves of sub-soil assets. It shows 
the complex situation of reserves, where the asset is not included in the stock until it is 
proven. 
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Figure 2-3: Classification of sub-soil resources 
The stock of non-renewable resources changes, as said above, due to depletion, 
discoveries and also due to price changes. The change in the stock of non-renewable sub- 
soil assets can be calculated as: 
The stock of natural capital 1/1 year 1 
- extraction ( depletion ) 
+ new findings 
+ price changes 
= the stock of natural capital 31/12 year I 
Subsoil assets are extracted and sold on the market and therefore the proven reserves fetch 
a market price. For the remaining assets, the availability of a market price depends on 
whether the asset can be controlled or not. Biological assets such as timber tracts and 
livestock are controlled and therefore have a market value. Virgin forest on the other hand 
is not controlled and does not have a direct market value. Land and water could also be 
both controlled or uncontrolled. Air cannot be controlled by anyone and therefore does not 
receive a market price. One problem with using market prices is that environmental 
functions such as C02 sinks will not be reflected. In the 1968 version of SNA, only the 
economic rent (market price minus direct cost of extraction; see chapter 4 for further 
description of rent) was used as a value for these assets. For those assets where no market 
price exists, the SEEA recommends that proxies of market prices be used (UN 1993b). In 
this task, the so-called contingent valuation methods are neither recommended nor 
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dismissed (UN 1993b). For environmental assets without an apparent market price, the 
maintenance cost method is used, where the cost to keep the environment intact is used as 
an estimate of the value of the resource. This cost could be based on the cost associated 
with any of the following activities. 
" Physical changes in the environment 
" Analysis of ambient conditions 
" Determination of non-damaging environmental quality levels (standards) 
" Activities needed to meet the standards (such as discharge reductions) 
Within the conventional national accounts, the change in the value of the resources is 
recorded in a reconciliation account, which makes an appearance as a "memorandum 
item" in the balance sheet (Harrison 1989: 20). Only the resource rent arising from the 
depletion of the resources is registered as an item in the production accounts. The resource 
rent is roughly defined as the market price of the asset less the cost of extraction and a 
natural return. The costs of extraction include costs such as labour, buildings etc. The 
natural return is the return on the capital if invested in an alternative market. This resource 
rent is treated as income available for consumption, without acknowledging the depletion 
of the resource. Chapter 4 analyses resource rent and examines different ways to integrate 
depletion of non-renewable resources into the accounting framework. 
Land, air and water are examples of permanent natural capital. These resources cannot, 
in theory, be regenerated, harvested or depleted. They are not owned by anyone and 
therefore the use of such resources has been regarded as "free". Pollution, caused by 
economic production and consumption, has led to the degradation of these resources. 
Degradation occurs when the maximum level of pollution that the resource can absorb is 
exceeded. Degradation could even occur to such an extent that the resource could be 
regarded as almost depleted, due to the long-time scale it would take to regenerate. In 
order to limit the degradation, the cost of using permanent resources has been factored into 
production costs, for example through taxes and subsidies. Expenditure (both government 
50 
and private) has also taken place both to prevent further degradation and to restore existing 
damage. This expenditure is sometimes referred to as defensive expenditure14. 
Within the conventional national accounts, the degradation of permanent natural 
resources, for example air pollution, as a result of economic activity has not been included. 
The reason for this is that permanent natural resources are not economic assets, even 
though they serve several economic functions. The economic functions that they serve are 
for example as a waste and sink capacitor and recreational and life supporting functions 
(Hueting ei al 1992). There are two main reasons why permanent natural capital, and the 
function it supplies, degrades. The first is due to the constant flow of pollution (the flow 
pollution) and the second is the accumulation of the emissions (the stock pollution). One 
example of a pollutant, where the harmful effect arises only as a flow pollutant, is noise. 
The negative effect from noise pollution occurs only when the actual pollution is 
occurring. Other pollutants, however, cause damage as they accumulate over the years. An 
example of such a stock pollutant is greenhouse gases. Due to difficulties in estimating the 
damage occurring from a stock of emissions, it is often the case that only the yearly 
harmful emissions are accounted for. This has led to a situation where only those current 
emissions, which influence current welfare, are included in welfare measures (Rormose 
Jensen & Mollgaard 1995). However, as Rr rmose Jensen & Mollgaard (1995: 51) point 
out, to ignore the harmful effects of accumulated emissions underestimates the cost and 
extent of the damage. There are also emissions that can be seen as stock/flow emissions, 
i. e. both the annual pollution and the accumulated pollution will have negative effects. 
The emissions can be said to affect the environment in the following way: 
14 Environmental expenditure by households and governments is treated as consumption expenditure in 
conventional economic accounts. Leipert (1986) calls these expenditures "defensive expenditure", arguing 
that they should not be included as a positive variable in economic growth as they only exist as a defence 
against environmental pollution. There are many so called defensive expenditures in an economy. Leipert 
divided them into 5 broad categories ranging from expenditure on environmental resources to expenditure on 
crime. Many national statistical agencies have recently started to separate environmental expenditure from 
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assimilative caaacity): not harmful 
Emissions The part of the annual emissions that is not 
absorbed: harmful 
The cumulative emissions: harmful 
When should pollution be regarded as harmful to the environment? Since the environment 
has an assimilative capacity, the level of emission need not necessarily be zero. However 
the assimilative capacity can be difficult to assess. Rermose Jensen & Mellgaard 
(1995: 33) suggest three ways in which standards can be determined: 
0 Sustainable standards set by scientists. 
" Optimal level of pollution decided by economists. This is where the marginal cost for 
the pollutant is equal to the marginal cost of abatement. 
. What is "commonly accepted" through, for example, international agreements. The 
release of emissions above these standards is then assumed to affect welfare and is 
therefore deducted from the welfare indicator. 
These standards or optimal levels are expressed in physical quantities. If emissions exceed 
these levels, they are seen as harmful, i. e. as pollution. These pollutants are usually 
expressed in physical quantities, such as tonnes of emissions. 
The next goal is to reflect these harmful emissions in the economic accounts. When doing 
this, difficulties such as identifying the harm that the pollutant is assumed to cause and the 
time period in which the damage will occur must be identified. In cases where a market 
value available this can be used. This market price could for example relate to the damage 
caused, the cost of cleaning up or the cost of preventing damage from occurring. However, 
it is not always the case that such a market value is available. A number of different 
techniques have therefore developed to estimate the damage caused by for example air 
pollution. These techniques can be divided into direct and indirect methods (Pearce and 
Turner 1990). Direct methods aim to find the preferences for an environmental good. For 
other expenditure (for example Statistics Sweden) and attempts have been made to deduct defensive 
expenditure from the Gross National Product 
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example a surrogate market can be established or simulated. Several different techniques 
can be used. One example of such a technique is the Hedonic price approach (or to use a 
more common name `the property value approach'). Here the value of the negative 
influence of an environmental factor (for example noise) is determined by the difference 
between prices of properties. Another method is the contingent valuation method, where 
people are asked about their willingness to pay or willingness to accept a certain change in 
the environment. A third method is based on the assumption that time is valuable and 
therefore can be used as a measure of environmental factors - the travel cost approach. 
Indirect methods, on the other hand, use the dose-response method to estimate damage 
done. These methods try to establish the relationship between pollution and its effect. 
Once the relationship has been established, a valuation can be made, often through market 
price but if this is not available, one of the direct methods can be used. Vanoli (1995: 104) 
argues that maintenance cost may be considered as the upper limit of the monetary value 
of the natural resource when it becomes scarce. 
The SNA takes the flow approach to emissions, where first the physical emissions are 
registered. The damage that these emissions will cause is based on the cost of returning the 
environment to its original state (i. e. how it was in the beginning of the period). The stock 
pollutants, and their impact on sustainability, are less researched. Chapter 3 analyses long- 
term environmental damage and its effect on sustainability. This will therefore not be 
discussed further here. 
2.4.5 Human capital in SNA 
Another limitation of the system of national accounts is the treatment of human capital, for 
which there have not been many changes since the 1968 version of the SNA. The problem 
lies in that the concept of human capital is unable to fulfil the national account definition 
of capital, as human capital does not have a market value and nobody owns it. Miller 
(1995: 16) has suggested two additional reasons why human capital is not represented in 
the national accounts. Firstly, there is an unclear definition in the literature of what human 
capital actually is and secondly it is difficult to separate the human capital factor from 
other types of capital (and even if this is successful it can be very difficult to put a 
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monetary value on it). The same arguments could be applied to social capital. Below the 
two latter reasons are analysed, to see whether or not human capital can be defined and 
valued in such a way that it is possible to integrate it into the accounts. 
2.4.6 Classification and valuation of human capital 
In human capital theory, human capital is often defined as 'everything that makes the 
workforce productive', i. e. the skills and knowledge embedded in the workforce (Becker 
1975, Mincer 1974). A number of factors have been suggested in the human capital theory 
as influencing this productivity. Below, these variables are divided into three categories 
that have been identified by analysing literature on human capital theory. These can, in 
turn, be used to define the different types of human capital and thereby define what can be 
classified as human capital. 
Into the first category fall variables that raise the skills and knowledge in the human being 
such as on the job training, work experience and education. These factors increase the 
level of human capital and thus the productivity of the human being. The return on 
investment can, however, deteriorate with age15 as well as with changes in the socio- 
political environment such as unemployment. In the empirical literature, the main variable 
that has been measured is education. Examples of this are; school enrolment rates (Barro 
1991), years of schooling (Barro & Lee 1993), sum of different costs (direct, indirect and 
the cost of the employer) (Kendrick 1976), difference in net income between people with 
and without educationt6 and achievement test scores (Lee and Lee 1995). Another 
possibility is to evaluate training, where for example employee expenditure on training can 
be used in the accounts. 
Into the second category fall variables that affect the perception of human capital, such as 
religion, cultural differences and mobility. The cultural or geographical area in which 
human beings are raised can influence their attitudes to and perception of increasing their 
human capital. It has, for example, been shown that people in urban area reach a higher 
degree of human capital (longer education etc. ) compared with people in rural areas. How 
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these cultural and geographical factors influence human capital is difficult to assess. One 
available tool to assess how people perceive human capital is comparative studies, for 
example assessment of achievement (using tests, school enrolment rates etc. ) in different 
cultural areas. 
Finally, into the third category fall variables that affect the quality of human capital such 
as leisure, work environment, health and unemployment. Capital needs maintenance in 
order to be productive, this is also the case with human capital. For example investment in 
health and the working environment would probably ensure that at least the productivity of 
human capital does not deteriorate. Unemployment, however, would have the opposite 
effect. The quantitative measurement of these factors can be fairly straightforward. 
Unemployment could for example be measured as the number of long-term unemployed" 
and their level of human capital (measured for example as their education level). Leisure 
could be measured in the number of hours of leisure time per day. This can for example be 
found in time-studies. Health care could be measured as the public and private expenditure 
on health care. 
So in defining the concept of human capital for inclusion into the accounts, all of the 
above variables could be referred to as enhancing or decreasing human capital. However, 
it should also be noted that the suggested relationship between some of the above factors 
and productivity of the human being has been questioned. This is even the case for the 
variable of education, which is often referred to as enhancing the productivity of the 
human being. However, critics argue that education works as a signal for the employer as 
to whom he should employ. This means that education will work as a filter rather than 
actually raising the productivity of the human being (Thurrow 1975). These types of 
objections must be carefully considered, so that the variables to be included as human 
capital enhancing are properly discussed and evaluated before their integration into a 
measure of welfare. 
'5 Since older people will not have as long a time in the labour market. 
16 Education can also be a means to secure relative positioning on the labour market (see Daly & Cobb 
1989). 
17 Long-term unemployed only as this is seen as deteriorating the skills and knowledge of a person the most. 
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From the above human capital classification, it is clear that the second category, which 
includes variables such as religion and cultural aspects, will be very difficult to integrate 
into any accounting system. However, the other two categories can be reflected in the 
accounts by for example accounting for expenditure on schooling and health. 
The second main reason why human capital has not been integrated into the national 
accounts is that it often lacks a monetary value. Putting a monetary value on human capital 
formation is perceived by some as immoral since it seems to be equivalent to valuing the 
human being. It is, however, not the human beings themselves that are being valued, but 
their creation of consumption and production possibilities for themselves and for others. 
This could be expressed as the productivity of the human being or the return on 
investment. One explanation for this negative perception of putting monetary values on 
human capital can be connected with the complex issue of ownership of capital. Physical 
capital, such as machinery and buildings is owned either by a firm or the government. It is 
thus registered in the balance sheet as an asset. Human capital, however, is an asset only to 
the human being himself/herself and cannot be purchased or owned by anyone (except, 
theoretically, for slaves). It can therefore be argued that it cannot have a monetary value. It 
has, however, been suggested that if human capital is looked upon as "rented out" to the 
firm, the ownership question would be resolved (see quotation from Chang et al 1979 
below). 
"The labour force as a whole is one of the country's resources and could be 
regarded as belonging to it. A human being is not purchased he is 'reared'. 
Rearing expenditures on education, training and health are likely to increase the 
future productivity of human beings. These expenditures may thus be regarded as 
sources of future income and as such they represent investment expenditures. On 
the other hand, the value of a human in terms of the net present value of the flow 
of future services derived from skills already embodied in that individual 
decreases with advancement in age. This means that human capital is subject to 
deterioration or depreciation which has many of the characteristics of the 
depreciation of physical assets ". 
(Chang et al 1979) 
The assumption that the net present value of a human being depreciates with age can be 
questioned. However, the assumption that Chang et al (1979) makes is that the economic 
value of a human being approaches zero at the time of retirement. They argue that when 
comparing the services of an individual before and after retirement the value of services 
differ, even though some "consumer durable" type variables will certainly last until death. 
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How to take into account these consumer durables, could be a question for further 
research. 
Four different approaches to estimate the monetary value of human capital have been 
identified, there are, however, no clear boundaries between them so they may sometimes 
overlap. These approaches have been identified by examining the literature on human 
capital theory (e. g. Becker 1975) and empirical attempts to take into account the stock or 
flow of human capital (for example: Eisner 1988 Chang et al 1979 and Woods & Metzger 
1927). 
The first approach is the expenditure approach. As the name indicates this approach adds 
up all the expenditure directed towards human capital enhancing factors. It is, therefore, 
assumed that there is a positive relationship between expenditure and human capital. Some 
problems can, however, arise: What part of expenditure is human capital enhancing? In the 
national accounts expenditure on education, health and unemployment is registered as 
pure consumption. However, this expenditure can be said to have an effect beyond 
consumption. For example, it has been shown that there is a positive relationship between 
increased health expenditure and improved health and between expenditure on education 
and productivity. Further, expenditure includes both consumption and investment 
variables and it can be difficult to separate the two. Expenditure only includes the direct 
monetary costs18 of the investments. However, there are also indirect costs and non- 
monetary costs included in the investment. An example of an indirect cost is the 
displeasure of attending school whereas a non-monetary cost could be the opportunity cost 
of time spent in acquiring human capital. 
The second approach is here named the rate of return approach, where the rate of return on 
human capital investments is estimated. This involves discounting future benefits and 
deducting costs. This approach is mainly used on an individual level, but the social rate of 
return could also be calculated by estimating the benefits and costs of the society as a 
whole. However, this method demands that there is full knowledge about future benefits 
and costs. 
18 Direct costs such as course fees etc. An example of indirect costs is the production foregone while workers 
are off the job etc. 
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The third approach is the benefit approach where the benefits of investing in human 
capital could be used as a direct estimate of human capital. For example, the benefits of 
education are higher future earnings. These future earnings could be aggregated on a 
national level and discounted in order to estimate human capital investments. The 
capitalised earnings approach is the most commonly used benefit approach. 
Finally, the fourth approach is the cost approach. This method is similar to the expenditure 
approach, but it would first involve calculating the physical quantity of the investment, for 
example, the number of years in higher education. Then the value of this is calculated, for 
example the benefit derived from what was spent on higher education each year. The 
method can also be referred to as the cost-of-production method. 
The actual empirical attempts that have been made using human capital as a tool to 
integrate the quality aspects of human beings into economic analysis can roughly be 
divided into two main approaches: those attempts that take into account the stock of 
human capital and those, which take into account the flow of human capital. There has 
been far greater interest in estimating the human capital stock than in estimating flow 
aspects of human capital. Some of which are reviewed below. 
The human capital stock has predominantly been used as an explanatory variable for the 
wealth of an economy. In the end of the 17th century and the beginning of the 18th century, 
several attempts to measure the stock of human capital were made using the capitalised 
earnings procedure. Nicholson (1891) derived the human capital stock in the UK and 
found that the human capital stock was five times higher than the stock of human-made 
capital. De Foville (1905) and Barriol (1910) derived the human capital stock for France. 
Huebner (1914), who derived the human capital stock for USA, noted that the stock of 
human capital exceeded human-made capital by 6-8 times. Woods & Metzger (1927) also 
recognised that the stock of human capital is the greatest asset of the US economy. They 
tested a number of different methods for deriving human capital, such as suggestion from 
the government on life insurance for workers, assuming that human capital is related to the 
value of property, using a capitalised-national income approach, capitalised-wage bill and 
the capitalised-earnings approach. In 1961, Schultz estimated the human capital stock of 
the USA labour force in 1959 and arrived at a tangible stock of $802 bn and an intangible 
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stock of $1270bn. In 1979, Chang et al used the expenditure approach (all expenditure on 
primary and secondary education regarded as investment in human capital) to estimate the 
human capital stock in the UK and concluded that it is about the same magnitude as the 
physical capital stock. Kendrick (1976) found that about 50% of total capital in the USA is 
human capital. Becker (1996: 18) finds that total human capital investment is greater than 
the physical stock in the USA. In fact he comes to a figure of a total human capital 
investment in excess of 15% of the GDP. He derives this figure by adding up the direct 
spending on education, health and on the job and other training - all contributing to 
productivity. He adds the earnings forgone by students to this sum, which then adds up to 
a human capital investment in excess of 15% of GDP. 
In Sweden Finansdepartementet (1992) made an estimate of the stock of human capital as 
a component of national wealth. It was estimated that human capital would amount to 
almost 20.000.000 million SEK (using the benefit approach). This can be compared with 
the total national wealth, which was estimated at 4.700.000 million SEK (without human 
capital). In other words human capital is by far the most important factor in Swedish 
national wealth. 19 
In the current national accounts, expenditure on human capital (such as education, health 
and training) are registered as consumption20, hence the investment part of human capital 
is ignored. There has, however, been some suggestions for integrating human capital into 
the national flow accounts. Eisner (1988) developed a total income system of accounts 
(TISA), which is an extended integrated national income and production account. He 
argued that one should not just account for human-made capital but also for human capital 
created by education, training, the acquisition of knowledge and the raising level of health 
in the population (Eisner 1988: 1623). He based his calculation of human capital on a cost 
basis (as in conventional accounts of human-made capital where for example investments 
in education and training, research and development and health are included) and on the 
opportunity costs of students' time in education. One difficulty when analysing the annual 
19 All of the above estimates of the stock, are monetary estimates. However, it has also been suggested that it 
is the physical stock that should be measured, such the enrolment rates, literacy rates etc. One trend is to use 
the mean school years of education (Nehru et al 1993, Barro & Lee 1993, Alroth et al 1994). 
20 It could also be of interest to integrate non-tangible human resources such as the opportunity cost of 
studying. 
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growth of an economy is that it is necessary to know whether or not the output is directed 
towards capital investments or consumption. Jorgensen and Fraumeni (1992) view 
education as an investment in human capital. They argue that within the national accounts 
no account is taken of the real value of investment in human capital - only direct 
expenditure (such as on teachers, material etc. ) is included. To correct this they propose 
using the rate of return method, where the foregone income during the period of education 
is subtracted from the increase in the present value of income. They also recognise the 
importance of leisure income. The result is "an aggregate measure of the increase in the 
present value of lifetime income generated by the education sector during a year, i. e., a 
measure of the output of the education sector" (referenced in Aronsson et a! 1997: 75). 
Such attempts are vital for the inclusion of human capital into a welfare index. It is clear 
that human capital is an important part of welfare and sustainable welfare. One empirical 
example of this is the emerging interest of human capital in company accounting. This is 
of particular important for companies in the so called 'new economy' where the human 
resources and skills are the most important asset in the company. 
2.5 The concept of capital in adjusted macro-economic 
measures 
In several of the adjusted or new macro-economic measures that have developed to 
integrate aspects of sustainability, the concept of capital has been used as a tool. This is 
the case in for example the green net national product, the genuine savings index and the 
ISEW. It is clear from these attempts and the literature surrounding them, that the capital 
concept has become a way to not just conceptualise sustainability but also to measure 
sustainability. In Table 2-4 below, the use of the capital concept in some macro-economic 
measures, are summarised. 
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Measure Use of the capital concept 
Green Net National Product Use of the depreciation (depletion) of the human-made 
and the natural capital stock. 
Genuine Savings Index Use of the investment and depreciation of human made 
and the natural capital stock. 
Generational Environmental Use of the total natural capital stock. 
Debt 
Human Development Index Use of the depreciation of the human-made capital stock 
and the level of human capital (education and health) 
Index of Sustainable Economic Use of the depletion and depreciation of the natural 
Welfare capital stock, the investment in the human capital stock, 
the change in the human-made capital stock and the net 
financial capital stock. 
Table 2-4: The use of the capital concept in various macro-economic sustainability measures 
Sustainable income is income that can be consumed without reducing future income, or as 
Hicks (1973) expressed it: "Income is the maximum amount that a person or an 
organisation can consume during a specific period and still have as much wealth at the 
end as at the beginning. ". Hicks' definition of income has become a guide for the 
definition of sustainable income since it contemplates a non-declining consumption. The 
national income, as defined in SNA does not, however, apply a Hicksian definition of 
income. The conventional definition, as applied in SNA, is that income consists of 
consumption and investments. To achieve a concept that more closely relates to the 
Hicksian income it is necessary to estimate how much society can consume after allowing 
the amount necessary to maintain the capital stock intact (or the production from the 
capital stock). This amount is equal to the depreciation. By replacing it with new capital at 
the same speed as it depreciates, the capital stock can be maintained intact. Thus the 
service flowing from the capital stock can be maintained intact. Net National Product 
(NNP) is the measure obtained after taking depreciation into account. Weitzman (1976) 
suggested that the NNP could be interpreted as 
Hicksian or sustainable income, as it 
contemplates a non-declining consumption. Net 
National Income is closer to a measure of 
sustainable income. Weitzman's result also highlighted that it is not just the human-made 
capital stock that should be included as sustainable 
income, but also human and natural 
capital. Adjusted or green NDP, where the 
depletion of natural resources is taken into 
account, is an example of this. 
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The Genuine Savings index is another measure that uses the capital concept to 
conceptualise and operationalise sustainable development. The index was introduced in 
chapter 1, and is defined as the net savings in human-made capital less the value of 
depletion of natural resources and degradation of the environment (Hamilton & [G] 
Atkinson 1996: 680). It is argued that as long as an economy does not permanently have 
negative savings, then the economy can be regarded as sustainable. If the economy has 
negative savings, the economy is on a non-sustainable path and welfare will decline over 
time. This index could be argued to follow the Hartwick rule (see section 4.1), where 
reinvesting resource rents can ensure a non-declining consumption. In other words, the 
index uses capital formation as an indicator of whether or not an economy is sustainable. 
The Generational Environmental Debt (Jernelöv 1992, Azar & Holmberg 1995) uses the 
total natural capital stock to analyse the debt in the form of depleted natural capital, that 
current generation owes future generations. The Human Development Index uses the 
concept of human capital, expressed as longevity and education, to integrate the human 
resource aspect into macro-economic development indexes. 
The Index of Sustainable Economic Welfare is probably the index that has made the most 
extensive use of the capital concept. The ISEW methodology uses the concept of human- 
made, financial, natural and human capital to reflect different aspects of sustainable 
welfare. Firstly, in the ISEW the change in the net stock of real human-made capital2' 
is assumed to be an indicator of sustainability. If capital stock is declining (relative to the 
workforce), the capital reserves in the economy are withdrawn without replacement. The 
economy cannot then fulfil the criterion for sustainability that the capital stock should at 
least be kept intact. In the original index both the change in capital stock in industry and 
the public sector were included. However, after criticism the public sector capital was 
excluded (in Cobb & Cobb 1994). This criticism was directed towards the inconsistency of 
including public capital since the service from public capital had been excluded in the 
overall index. The human-made capital stock can be influenced by: 
1. Wear and tear which leads to depreciation of the capital stock 
2. The rate of growth in population which influences the demand/competition for capital 
21 Depreciation is taken into account. 
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3. Capital gains and losses that arise due to changes in values (due to risk, technology 
etc. ). 
4. Productivity changes that influence the nature of the capital stock. 
Depreciation is accounted for by using net rather than gross capital stock. The influence of 
population growth is dealt with by accounting for a baseline increase in capital to provide 
for the demands of an increasing workforce. "For economic welfare to be sustained over 
time, the supply of capital must grow to meet the demands of an increasing population. " 
(Daly & Cobb 1994: 491). Atkinson highlighted the third external factor, capital gains and 
losses, in his critique of the UK-ISEW ([G] Atkinson 1995). He criticised the 
methodology for including capital gains and losses in the index, as these arise due to 
changes in values and are therefore not a real increase in capital. The last factor, 
productivity change, was introduced by Nordhaus and Tobin (1972), since they wished to 
reflect the fact that growth of capital should compensate for both population and 
productivity growth. Daly and Cobb however pointed out that "Nordhaus and Tobin may 
not have foreseen the possibility that productivity would decline. ". They therefore chose to 
leave out productivity changes altogether in the ISEW (Daly & Cobb 1994: 448). 
Financial capital can reflect the self-reliance of an economy. Daly and Cobb argue that 
this is a required variable for sustainability and therefore include it. "Sustainability 
requires long-term self reliance" (Daly & Cobb 1994: 448). It is clear that welfare is not 
affected by changes in domestic financial capital, since financial debts and assets will 
cancel each other out. However, when including the foreign sector there will no longer be 
a balance between financial assets and liabilities. The difference between all financial 
assets and liabilities (in all sectors) will determine whether the economy has positive or 
negative net lending. Net borrowing could be classified as unsustainable consumption 
since the borrowed welfare must eventually 
be paid back with interest. Daly and Cobb try 
to reflect the impact that financial borrowing and lending can have on sustainable welfare 
by including the changes in net international position. A negative position, where 
borrowing is larger than lending, has a negative effect on the index. It could be expressed 
as the current generation living above their sustainable consumption level, they are living 
on borrowed capital. Young and Carson (1994) highlighted a criticism. They suggested 
that net foreign investments contribute to productivity and therefore should be regarded as 
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positive. Daly and Cobb admit that foreign investment could be good for a developing 
economy, but that in a "mature" economy (like the USA) it cannot be regarded as such (in 
Daly & Cobb 1994: 448 and Cobb & Cobb 1994: 271). 
Natural capital has two main roles in the ISEW. To account for the effect that the 
economic process, through impact on the environment, has on the welfare of both current 
and future generations. This can be achieved for example through the qualitative changes 
in the stock of natural capital through environmental damage. Daly and Cobb argue that 
flow pollutants (such as SOX, NOx tc. ) have a negative impact on current welfare. 
Emission levels are used in estimating the cost of the degradation of natural capital. Eisner 
(1994) criticised this, arguing that it is the flow of services from the stock of natural 
capital that should be calculated. In response to this criticism Daly and Cobb (1994) argue 
that for noise it would be impossible to calculate a stock. For water it could be possible, 
for example in lakes, but not in rivers. It might also be possible for air pollution, but that is 
a very regional/global problem where the quality will be influenced by pollution crossing 
the borders. Therefore, for this type of pollutant, the annual flow of pollution is calculated, 
Quantitative changes in natural capital are calculated in ISEW for non-renewables such as 
fuels, minerals, wetlands and farmland". "We consider the depletion of non-renewable 
resources as cost borne by future generations that should be subtracted from (debited to) 
the capital account of the present generation "(Daly and Cobb 1994: 482). Therefore, Daly 
and Cobb, try to define an amount that should be reinvested to sustain income at the same 
level. They include depletion of non-renewable capital by estimating the amount that 
would need to be invested in a process to create a perpetual stream of output of a 
renewable substitute for the non-renewable resource, which has been depleted. As seen in 
chapter two, this is just one method of many that can be used to calculate capital 
depreciation. The depletion of fuels and minerals is based on consumption of primary fuels 
and minerals. [G] Atkinson (1995) argues that using a consumption estimate will over or 
under estimate the nation's depletion. The reason for this is that consumption is not 
necessarily a reflection of a nation's depletion of resources. If a country exports resources, 
22 Even though it might be true that these are the most important non-renewable factors for the USA this 
does not necessarily have to be true for other countries, This is particularly relevant for developing countries 
whose economies depend on non-renewable resources such as gold, ores, gemstones etc. 
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such as oil, this will not show up as depletion of their resources. So he argues that in order 
to get a correct estimate of the depletion of natural resources, the actual extraction of the 
resource needs to be accounted for. 
Long-term environmental damage involves pollutants that do not affect current welfare but 
the welfare of future generations. The damage will take many years to become a burden to 
society, as it is the accumulation of pollution that causes the damage. The costs of ozone 
depletion and global warming are included in the index. The most difficult problem here is 
that there is no consensus on the impact or monetary cost of these damages and whether it 
should be founded on annual or cumulative basis. 
Daly and Cobb explicitly exclude human capital in the ISEW, even though they 
recognise its importance in sustainable welfare. "We have omitted human capital from our 
calculations of changes in the stock of capital even though we recognise its theoretical 
importance in sustainable economic welfare" (Daly and Cobb 1994: 445). Two factors 
influenced their decision to exclude human-capital from the ISEW: 
1) The lack of evidence/proof that human capital investments, such as education and 
health, improve the productivity of the workforce. 
2) The lack of available methods to calculate human capital. 
Daly and Cobb could not establish a relationship between either medical or school 
expenditure and human capital. The studies and statistics that they examined, when trying 
to identify a relationship between education expenditure and the stock of human capital 
failed, in their opinion, to support evidence for this relationship. They argue that in these 
studies the "relationship is assumed rather than tested" Cobb & Cobb (1994). Education 
expenditure can, for example, be increased, but there is no guarantee that quality will 
improve. There is no guaranteed linear relationship. Education expenditure is, the most 
commonly used measure of human capital, but Daly and Cobb dismiss it: "the use of 
school expenditure to measure human capital seems completely inappropriate" (Daly & 
Cobb, 1994: 446). Daly and Cobb include half of the expenditure on health and education 
as pure consumption. The other half they regard as neither 
investment nor consumption. 
This half, they argue, is a defensive expenditure to improve the relative position on the 
labour market and defensive against accidents and environmental related illnesses. In the 
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revised version they suggest that changes in working conditions (Daly & Cobb 1994: 460) 
could also be included, if there was a method available to calculate them. The work 
environment is very closely linked to human capital. In Daly and Cobb's discussion they 
argue that human capital is largely derived from on-the-job training and work experience. 
"Until someone devises an ingenious method of measuring the value of the knowledge 
embodied by workers and managers, a plausible measure of the stock of human capital 
will remain beyond our reach" (Daly & Cobb 1994: 446). This is based on their belief in 
the human capital model, which states that education is a form of defensive expenditure. 
Here academic degrees are merely a way of getting further up in the labour queue 
(Thurrow's Jobs competition model, Thurrow 1975). However, Daly and Cobb, suggest an' 
alternative way of evaluating the growth in productivity of the workforce by examining 
the real capital input per working hour. 
Leisure is another component that is often discussed within the context of human capital. 
Daly and Cobb refer to the difficulties in the valuation process as their reason for not 
including it. Cobb and Halstead (1995) argue that the value of leisure time should be 
included. They also argue that the cost of underemployment (cyclical) should be included, 
this issue was also raised in the Netherlands ISEW (Rosenberg & Oemega 1995). It seems 
relevant to try to incorporate the cost of long-term unemployment since it depreciates 
human capital. 
Even though Daly and Cobb do not explicitly include human capital in the ISEW, they do 
see a role for it in future sustainable welfare indexes as long as the above issues are 
resolved. The roles could be twofold; one where capital is regarded as a contributor to the 
sustainability of the economy. The other could be the welfare of the current generation 
through access to leisure and job opportunities. 
2.6 The role of capital in accounting and measuring for 
sustainable welfare 
From the attempts to measure aspects of sustainability illustrated in the previous sections, 
it is clear that the concept of capital can be used as a tool in operationalising and 
measuring aspects of sustainability. Firstly, by expanding the capital concept to include 
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human and natural capital it has been possible to measure the development of human and 
natural resources. Further, by taking into account the depreciation or depletion of the 
expanded capital concept, the sustainable income concept can be derived. Finally, by 
measuring the expanded stock and the changes in the stock, it is possible to determine 
whether or not the capital stock is maintained intact and hence measure if future 
generations will have the same production possibilities as the current generation. 
The way, in which the capital concept functions as a tool in measuring sustainable welfare, 
is illustrated in Figure 2-4. 
Balance brought forward 
Depre- 
ciation Capital 
................. 
stock 
Goods and services Current 
........... .................. ...... _.............. s Flow 
Gross Investment 
..................................................... 
Balance to be carried forward 
Future generations' stock of capital -i Future 
now 
Figure 2-4: Capital, sustainability and welfare 
welfare 
welfare 
This Figure shows how the stock, capital flows and service flows contribute to sustainable 
welfare. The capital stock is an expanded capital stock, including for example human- 
made, natural and human capital. The capital stock is the basis for the integration and 
accounting for sustainability. By expanding the capital stock - human and natural 
resources can be taken into account. The size of this expanded capital stock is determined 
by the balance brought forward from past generations and by the current generation's 
investment and usage (depreciation or depletion). The capital stock works as a production 
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factor contributing to the production process, producing a flow of goods and services, 
which in the conventional accounts are referred to as income. This income is either 
reinvested into the capital stock or used for current consumption - which can be equated 
with current welfare. The gross investments and the depreciation during the year will 
determine the size of the capital stock to be carried forward to future generations, which 
will influence their production and consumption possibilities (flow) and hence their 
welfare. Since in a sustainable economy, it is not only the current generation that is taken 
into account but also future generations, these two variables will contribute to sustainable 
welfare. It should, however, be kept in mind that welfare' is a normative term for which 
there is no right or wrong definition. Welfare can be interpreted in many ways and no 
attempt is made here to define welfare in detail. Welfare is broadly assumed to consist of 
several variables, all seen as improving the quality of life of society. 
2.7 Summary and discussion 
The objective of this chapter has been to analyse the role that the concept of capital can 
play in adjusting macro-economic measures with aspects of sustainability. This has been 
done by analysing the capital concept from a theoretical and empirical perspective. 
The characteristic of capital is that it has a productive capacity and that it generates 
dividends for the future. It has been common to include a third criterion of capital, namely 
that capital should only include factors that themselves have been produced in the 
economic system. This has led to most capital concepts only including human-made 
resources such as machinery and buildings. This is also the case in both neo-classical 
production function analysis and in the national accounting system. Examining the capital 
concept from a theoretical perspective, it is apparent that 
its main use has been to integrate 
human-made capital as a production factor. However, as a result of increased interest in 
long-term trends and in explaining residuals in current economic models, interest in both 
human and natural capital has escalated. The capital stock has been expanded to include 
23 Welfare economics makes use of the concept of welfare, where comparisons are made between different 
situations. If situation A is preferred to B, situation 
A is said to give higher welfare than B. Paretian welfare 
economics says that a Pareto improvement 
is reached when a reallocation of resources leads to someone 
being better off without making anyone worse off. Pareto optimum is reached when there is no possibility to 
reallocation without making anyone worse off. 
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both human and natural capital. Further, the concept of capital has become a way to 
conceptualise sustainable development by defining it in capital terms such as maintaining 
the capital stock intact. The theoretical use of the capital concept has highlighted several 
issues that are of importance when analysing the role of capital in measuring sustainable 
welfare, such as aggregation and substitutability. 
The main internationally recognised accounting framework for the capital concept is the 
System of National Accounts. The main focus in SNA has been on human-made capital, 
however, the updated SNA (UN 1993a, b) has also included natural capital. The methods 
and shortcomings of the inclusion of human-made capital as well as natural capital in SNA 
have been discussed in the chapter. Human capital has always been recognised as an 
important factor within an economy, but never made it into the traditional accounting 
system. The reasons for this are several, for example, the human capital concept is unclear, 
it is difficult to separate from other types of capital and it does not have a market value etc. 
The potentials of capital as a tool for integrating sustainability into accounting framework 
are several. The capital concept can be used to integrate both welfare, through the capital 
flows from the stock, and sustainability, by accounting for the stock of capital. Further, by 
expanding the capital concept it is possible to integrate human and natural resources into 
the economic analysis. 
The main reason why the conventional concept of capital could and should be used as a 
tool in conceptualising and operationalising sustainable development, is that it helps in 
forcing existing systems to integrate aspects of sustainability. For example, Pearce and [G] 
Atkinson (1993: 104) suggest that treating the environment and natural resources as natural 
capital forces existing paradigms to account for environmental problems. Hence, they 
suggest using a sustainability savings rule as an indicator of whether or not a country is on 
a sustainable path. Further, due to the established nature of the capital concept within the 
economic framework, its structure can help to highlight failures and improvements that 
can be made within the theoretical and empirical literature. However, it must also be 
pointed out that there are a number of limitations and problems with using the capital 
concept. Firstly, using the term capital to describe natural resources implies that natural 
capital has the same characteristics as human-made capital. In other words that it is 
reproducible, which in turn implies that human and natural resources can be substitutes for 
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each other. This has led to the discussion of weak and strong sustainability. Another 
potential problem is the difficulty in measuring and valuing the different aspects of the 
expanded concept of capital, as highlighted in this chapter. Pearce and [G] Atkinson 
(1993: 104) acknowledging the limitations of their interpretation of natural capital have 
also highlighted this; "with Victor [1991] we believe that natural capital measurements 
may not be able to capture all the economic functions of ecological capital" Many warn 
of the problems arising from treating the environment and natural resources as an 
economic concept. Using the term capital can imply that natural capital should have the 
same properties as the capital concept as defined in traditional economic theory (Victor 
1991). In other words that it is reproducible and substitutable. "Since essential 
environmental features are not reproducible by humans and have no humanly produced 
substitutes there is a danger in applying the term 'capital' to the environment" (Gowdy 
1994: 14). 
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3. Accounting for Long-term Environmental Degradation 
Energy consumption is closely related to the economic development of a country, but also 
contributes to negative environmental effects such as global warming. As seen in previous 
chapters, recommendations have been made by several institutions (such as the United 
Nations and the European Union) and by individual researchers on how to integrate 
environmental and economic accounting and thus take into account the negative 
environmental effect arising from for example consumption of energy. There is, however, 
a general drawback of these recommendations and studies - the failure to address the issue 
of long-term environmental damage. Long-term environmental damage arises from 
pollutants whose cumulative build up causes the external effect. Examples of such 
pollutants are greenhouse gases and chloroflourocarbons (CFCs), which contribute to 
long-term damage in the form of climate change and ozone depletion. The failure to 
account for the long-term environmental damage arising from these can be clearly 
illustrated in the revised System of National Accounts (SNA), highlighted in chapter two. 
In the revised SNA, the suggested accounting procedure is to record the environmental 
damage caused by the economic production in the year that they are generated (Grambsch 
& Michaels 1994: 12, UN 1993b). Hence, the impact from the emissions will be recorded 
when they occur. Thereby the accumulated effect of environmental impact can be large, 
but the effect in the accounts might be small due to small production/consumption in the 
specific year. In other words, the cumulative environmental impact is not taken into 
account, only the annual emission is recorded. 
Reasons for omitting long-term environmental damage in the accounting frameworks 
relate to methodological difficulties, problems with data collection, the political weight 
given to environmental issues, short-termism, etc. However, some independent researchers 
for example, Daly & Cobb 1989 (Index of Sustainable Economic Welfare) and Jernelöv 
1992 (Generational Environmental Debt), have confronted the issue of long-term 
environmental damage in their attempts to integrate the environment into a macro- 
economic measure. Accounting for these long-term pollutants (also referred to as stock 
pollutants) has raised new issues and methodological problems that have not been 
extensively dealt with within the current research into natural capital. It is the aim of this 
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chapter to analyse these issues and to attempt to account for the long-term degradation of 
natural capital. 
The outline of the chapter is as follows: The first section, 3.1, introduces the notion of 
long-term degradation of natural capital. The release of greenhouse gases is used as a case 
study of a pollutant that leads to long-term environmental degradation. Conventional 
economic modelling of the social costs of climate change is described in section 3.2, in 
order to give the background assumptions for the cost estimates that can be used when 
incorporating degradation of natural capital into sustainability indicators. The third 
section, 3.3, reviews three different empirical examples where climate change has been 
accounted for in terms of cumulative degradation of natural capital and draws on this 
experience in order to highlight some of the issues that arise when accounting for long- 
term degradation. The final section, 3.4, presents a sensitivity analysis for the inclusion of 
a climate change estimate, and recommends a possible methodology for inclusion in the 
ISEW methodology. 
3.1 Long-term environmental degradation of natural capital 
Land, air and water are defined as permanent natural capital when following the definition 
by Harrison (1989) presented in the previous chapter. The main characteristic of these 
resources is that in theory they can neither be depleted nor regenerated. For example, it is 
not possible to generate more land or air (except over a very long time-scale as a result of 
the evolutionary process), nor is it possible to deplete air or land. However, it is possible to 
degrade the function that the natural capital supplies. For example, land functions as a 
waste and sink capacitor and has recreational and life-supporting functions, which can be 
overexploited (Hueting et al 1992). The harmful effect from the degradation appears when 
the degradation (emissions, exploitation etc) has accumulated above the assimilative 
capacity24. Most permanent natural capital has an assimilative capacity; in other words it 
can take up a certain amount of pollution or environmental degradation. However, 
accumulated emissions above the assimilative capacity can create harmful effects to the 
function that the permanent capital supplies and create long-term environmental 
degradation. In fact the main characteristic of long-term environmental damage is that it is 
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caused by a cumulative build up of emissions or degradation that has taken place over a 
certain time-period. It is first when the cumulative emissions reach a certain level that the 
negative effect sets in. At this stage, a reduction in the annual emission levels will not 
decrease the current negative effect, it can only help in hindering even higher negative 
effects in the future. In fact even when actively reducing emissions - the long-term 
negative effect from the cumulative build up will remain. The other main characteristic of 
long-term degradation is that the emitting generation is often not affected by the damage, 
it is future generations that will be affected. In other words, it is an inter-generational 
problem. 
From an accounting perspective this means that the real or potential damage of a certain 
emission is dependent on both past and future emissions. An example of current damage 
that is a function of present and past emissions is the release of chlouroflourcarbons 
(CFCs) that has taken place over the last 40 years. It was first in the 1980s and 1990s that 
the negative effect was recognised, resulting in the Montreal Protocol in 1987. The release 
of CFCs has dramatically fallen as a result of commitments made under the Montreal 
Protocol. Another long-term environmental problem is greenhouse gases. These pollutants 
do not cause an immediate external effect, but the accumulated greenhouse gases in the 
atmosphere are believed to be a serious threat to the earth's climate. The evidence as to 
whether past and current emissions are already affecting the climate to any extent is 
inconclusive (IPCC 1996b). However, the concentration of greenhouse gases is increasing 
and the evidence that past and current emissions will generate future damage is mounting 
up. It is long-term environmental degradation of the climate as a result of the release of 
greenhouse gases from energy consumption, which is used as a case study example in this 
chapter. 
The characteristics of pollutants that can lead to long-term environmental degradation of 
the functions of natural capital, can be summarised in four points: 
. It is the cumulative build up of emissions that contribute to the external effect. The 
external effect arises when the emissions are greater than the assimilative capacity. It is 
not possible to immediately reverse the damage by stopping emissions, as the 
cumulative build up of emissions will remain for a long-time. 
24 The assimilative capacity is the capacity of the environment to deal with waste products. 
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" The external effects are often a global problem, where geographical areas are affected 
differently. 
" The external effect affect future generations but not necessarily the generation that 
caused the pollution, i. e. it is an inter-generational problem. 
" The impact of the emissions will depend on the assimilative capacity, the ability of 
future generations to adjust to the consequences as well as on economic and 
technological development. 
3.2 Long-term environmental damage estimate of climate 
change 
The evidence that human activity has increased the concentration of greenhouse gases" 
(GHGs) in the atmosphere over the past 100 years is fairly strong (IPCC 1996b). The 
concentration of CO2 in the atmosphere has been estimated at about 280 ppm26 before 
industrialisation started. By the year 1990 this concentration level had risen to 354 ppm. 
Assuming business as usual, a doubling of concentration (to 600 ppm) could occur around 
year 2050-2075 (IPCC 1996b: 109). The higher the concentration of GHGs - the less 
terrestrial radiation would be re-radiated as it gets `trapped' in the earth's atmosphere. 
This means that the balance between incoming solar energy and outgoing terrestrial 
radiation is disturbed. The available terrestrial radiation to the earth is increased and this 
causes a rise in temperature. This effect is often referred to as global warming or the 
greenhouse effect, since the GHGs function in the same manner as a greenhouse. Even 
though the evidence for climate change is slowly mounting up, there have been few 
concrete policy measures. One main action, however, is the Framework Convention on 
Climate Change (FCCC). This is an agreement for limiting emissions of greenhouse gases. 
It was signed by 150 countries at the Earth Summit in Rio in 1992. The first Protocol on 
emission reduction agreed under the FCCC, was the Kyoto Protocol. It was drawn up in 
Kyoto in 1997 where 38 industrialised countries agreed to reduce their emissions on 
average by about 5% between 1990 and 2012 (http: //www. unfccc. de). The Kyoto Protocol 
states the principals for how this should be carried through, however, the rules and 
conditions are still being discussed, most recently at the Bonn meeting in October 1999. 
25 Water vapour, C02, methane, nitrous oxide, ozone, chlorofluorocarbons. 
26 ppra = parts per million 
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The aim is to find an agreement so that the protocol can be ratified in year 2000 and be 
legally binding from year 2002. Several courses of action have been suggested for 
reducing emission levels, for example; internalising the external costs (e. g. a C02 tax), 
energy efficiency measures and joint implementation. The main reason international 
agreements have been set up to regulate emissions, is that air and climate are so called 
public goods, i. e. no ownership rights exist. This means that no mechanism regulates the 
use of the resource. Neither are there any incentives for the users to limit their use since 
the environmental cost will not affect them - although it may affect future generations. 
It is therefore important, as argued in chapter 1, that the long-term environmental impact 
arising as a result of for example energy consumption is integrated into the economic 
decision making. This could be achieved by, for example, developing integrated 
environmental and economic accounts or sustainability indicators. As highlighted in the 
previous section and in chapter 2, the integration of the negative effect of climate change 
into economic and environmental accounting has mainly been limited to accounting for 
the annual emissions of greenhouse gases and fails to account for the damage arising from 
the cumulative emissions. The way in which climate change has been addressed in 
conventional economic analysis is reviewed below, in order to understand the complex 
method of accounting for climate change and to create a basis for the accounting for 
cumulative damage. 
Economic modelling of climate change started during the 1980s, and has been a rapidly 
developing area for integrating the use of resources into the economic framework. The 
main interest has been in abatement modelling, for which quite sophisticated techniques 
have developed. There are two types of approach to the modelling, bottom up and the top 
down. The bottom up models are based on engineering and technology and are often used 
to calculate cost curves from emission reductions. The top down models can, in principle, 
be divided into two types; short-run models which are used to investigate the effects of a 
certain policy measure (such as a CO2 tax) and long-run models which can be based on 
resource allocation or equilibrium models There are two types of equilibrium model; the 
comprehensive general equilibrium model and the partial equilibrium model. The 
comprehensive general equilibrium models impose a change in the climate on an 
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interacting world and account for high ordert' and spillovers28 effects. The partial 
equilibrium model or the `enumerative approach' examines each sector separately, with no 
spillovers etc. being taken into account (Fankhauser 1995). 
Even though the main interest thus far has been in abatement modelling, a second area 
'damage assessment modelling' has been rapidly developing. Here too a distinction is 
made between partial and general equilibrium models. It is the enumerative approach that 
has been most commonly used in this area (e. g. Fankhauser 1995, Cline 1992, Nordhaus 
1991, Tol 1995). Damage assessment modelling has mainly been concerned with assessing 
the social cost of global warming (using the enumerative approach), but interest has also 
moved towards general equilibrium models. The damage cost model has often been used 
in combination with a CO2 doubling scenario (see below). The experience derived from 
using the damage cost model is here analysed more in depth. The estimates derived using 
this model differ from the abatement or mitigation cost studies as they also attempt to 
include non-market damages. 
3.2.1 The damage cost model 
The general steps in estimating the damage caused by the release of GHGs in the damage 
cost model are summarised in Table 3-1 
Benchmarking Time scale for when a certain temperature rise is likely to 
occur. Two main benchmarks have been suggested in the 
<>"` `> literature, CO2 doubling and very long-term-damage estimates. 
Physical damage due to Determine the physical effect or quantitative damage that such 
temperature change a change in climate will have. 
Monetary value of A monetary value is assigned to the physical damage. This 
physical damage & monetary value can, for example, either be based on the market 
} aggregation of damage value or a hypothetical value. There are two alternative ways of 
aggregating the costs, either the enumerative or the general 
equilibrium approach 
y Present value One of the main uncertainty variables when dealing with long- `` term environmental problems is how to calculate the present 
value of the costs and benefits. 
Table 3-1: Steps in accounting for GHG damage 
27 High order effects = Damage to one sector might cause positive or negative economic effects in other 
sectors 
28 Spillover effects = In reducing CO2 other pollutants might well be reduced. 
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These stages are discussed in more detail below in order to establish a basis from which 
the long-term damage estimate for greenhouse gas emission can be derived. 
Stage 1: Benchmarking 
Almost all studies of the social cost of climate change are based on a benchmark. 
Benchmarking indicates a time scale for when a certain temperature change is likely to 
occur. The benchmark gives the impact on the present economy that is associated with a 
certain `state of climate'. The following data is required to estimate the effects that 
emissions will have on the climate: 1) The relationship between concentration levels of 
GHGs in the atmosphere and temperature change. 2) The relationship between emissions 
and concentration levels. There are two types of benchmarks referred to in the literature; 
the CO2 doubling benchmark and the `very long-term-damage' benchmark (see below). 
Benchmarking seems to have evolved as a response to the uncertainties regarding global 
warming and from the large uncertainties regarding the social cost to future generations. 
Since there is no way of knowing (yet) the extent of global warming or its time-scale, a 
scenario is developed in which a benchmark is set to indicate when a certain degree 
change in the climate is likely to occur. Thereafter the damage costs associated with the 
doubling are estimated. 
CO2 doubling benchmark: Most scientific and economic studies of the effects of climate 
change are based on the benchmark of a CO2 equivalent doubling (often referred to as 
2*CO2). A CO2 doubling refers to a doubling of the atmospheric contents of CO2 
(concentration) with reference to pre-industrial levels of about 300 ppm (in 1900) to 600 
ppm. Such a doubling is projected to contribute to a temperature rise of between 1.2 C° 
and 4.5° C, with 2.5°C as a best guesstimate (IPCC 1996a). The Intergovernmental Panel 
on Climate Change29 (IPCC) estimates that this doubling will occur between 2050-2075, 
but there are large uncertainties regarding this date. The estimate also varies greatly 
depending on which scenario is used (business as usual, some reduction, non-reduction in 
greenhouse gases etc. ). For scientific modelling of the effects of a CO2 doubling it is 
common to use large general circulation models (GCMs). These model the effects of a 
C02 doubling on temperature. 
29 Sponsored by UNEP and the world meteorological organisation. It consists of 400 of the worlds' leading 
climate experts. 
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Very-long-term-damage benchmark: Many have criticised the benchmark of CO2 
doubling, as it is regarded only as a tool of analytical convenience which does not reflect 
the correct time-scale. Cline (1992) has pointed out that the fundamental problem with 
2*CO2 is that the time scale is too short. He claims that 2*CO2 "misses the point that the 
accumulation of trace gases and consequently global warming is a continuous process 
that would not stop with the mere doubling of carbon dioxide but, in the absence of policy 
action, would persist into the indefinite 
future" (Cline 1992: 43). He suggests that the 
proper time horizon should be 250-300 years. Estimates of the very-long-term damage 
benchmark are few. With the help of judgements from climate experts, Nordhaus (1994b) 
has estimated the long-term benchmark. Cline (1992) has also arrived at an estimate, by 
using the CO2 doubling estimate and assuming linear interpolation, 
There has been general criticism towards using benchmarks and as a result, new 
techniques are constantly being developed (in particular integrated assessment models). 
The criticism towards current studies has in particular covered the following areas 
(Fankhauser & Tol 1996: 668). 
" The ability of generations to adapt to a change in climate is not taken into account. 
" Extreme events are not taken into account, the models are instead based on a constant 
change. 
" Climate change can cause extra stress on already existing problems, compounding the 
effect. This is not taken into account. 
There is a need for integrated assessment models30, which can address the issue of the 
impact that different sectors have on each other. 
Benchmarking highlights the fact that the analysis of long-term environmental problems, 
such as climate change, involves estimating effects and making decisions that involve 
many temporal aspects. First of all, it is not the emissions 
in themselves that will cause a 
change in the climate, it is the cumulative stock of greenhouse gases. There is therefore a 
time lag between the release of the emissions and the time when the stock has reached a 
damaging level. Once the stock has built up it can take up to 20 years before the harmful 
effects start to be noticed (IPCC 1996a: 17). 
Secondly, benchmark estimates assume a 
30 In integrated assessment models, the knowledge from many disciplines is used to provide a wider insight. 
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smooth change in temperature, this may not necessarily be the case as some activities 
triggered off by the warming can happen very quickly and in a single period (for example 
extreme weather conditions). Finally, the date of the benchmark is important, since the 
sooner the damage occurs - the larger the negative effects will be, since the economy will 
not have time to adjust. 
Stage 2: Physical damage 
When the benchmark has been chosen (generally 2*CO2), the next procedure is to identify 
the physical damage that will occur at the benchmark level. The damage will affect many 
different sectors of the economy, both market and non-market. The list below shows the 
sectors that can be affected, this list is taken from Fankhauser (1995: 55). 
Agriculture Amenity Coastal defence 
Forestry Lifelmorbidity Dryland loss 
Fishery Air pollution Wetland loss 
Energy Migration Ecosystem loss 
Water Natural hazards 
The main interest seems to have been on market impacts, while non-market impacts have 
received less attention. The impacts are mainly based on existing specific impact studies 
(that deal with parts of damage, for example only the agricultural sector). This can cause 
problems, for example, when wanting to trace the assumptions made about different cost 
estimates in order to avoid double counting. In addition to this it can be difficult to find 
data and to make projections about the future impacts. Therefore, most authors of 
economic analysis of climate change stress that the figures are uncertain and often use 
sensitivity analysis in order to test the robustness of their results. The assumptions and 
techniques used to assess the physical damage of a change in climate are complex and will 
not be dealt with further here. Information on these issues can be found in IPCC (1996 a, 
b), Cline (1992) and Fankhauser (1995). 
Stage 3: Monetary valuation 
As mentioned above, a rise in temperature will have both market and non-market impacts. 
These impacts can be expressed in a common unit, often a monetary estimate. In most 
studies it is the damage cost method that 
is used to assess the monetary value. Here the 
estimated damage that the climate change will cause 
is calculated. The cost is based either 
on what has been damaged or what will be damaged. Usually market values are used, but 
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when these are not available contingent valuation methods or hypothetical market values 
can be used. There are three other alternatives available. The first involves calculating the 
cost of preventing or avoiding GHGs exceeding a certain standard. In this case the cost of 
mitigation measures, such as energy efficiency, fuel switching etc. are used as estimates. 
This method is usually referred to as the prevention cost method or the avoidance cost 
method. The second method calculates the cost of restoring the damage done. The damage 
can be restored, for example through reforestation or by some technical method. This 
method is often referred to as the restoration cost method. The final way is to calculate 
the cost of adapting to the change in climate, for example by building barriers to protect 
against the rise in the sea level. This is the adaptation cost method (sometimes referred 
to as the protection cost method). When a monetary value has been applied to the physical 
effect, for example the protection cost due to sea level rise, the damage costs in each 
sector are aggregated. In an enumerative approach it is only the damage that occurs in 
each separate sector that is taken into account. In a comprehensive general equilibrium 
model, side effects that arise in other sectors would be taken into account and thereafter 
the monetary value would be added up. (UN 1993b, de Boer & Bosh 1995). 
The damage value is calculated for the year in which the CO2 doubling is expected to 
happen, for example year 2100. Fankhauser (1995: 28) points out that one of the most 
controversial and difficult issues when valuing the impact of climate change, is the 
prediction of future development. He suggests estimating the damage that a CO2 doubling 
would cause an economy with the `economic structure of today' (Fankhauser 1995: 28). 
Using the economic structure of the current economy and scaling it to the future using 
GDP and population growth is consistent with most other valuation studies. 
The damage due to a CO2 doubling is often expressed as an annual damage figure. Table 
3-2 presents some estimates of the annual damage figure (in 1990) for the United States 
due to a CO2 doubling. 
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Cline Fankhauser Nordhaus Titus Tol ` 
(Cline, (Fankhauser, (Nordhaus, (Titus, (Tol 
1992) 1995) 1991) 1992) 1995 
Estimated 2.5°C 2.5°C 3°C 4°C 2.5°C 
temperature change 
due to c02 doubling 
Total annual damage $ 61.1 bn $ 69.5 bn S 55.5 bn S 139.2 bn $ 74.2 bn 
% of GDP 1.1 1.3 1.0 2.5 1.5 
Table 3-2: Monetized 2*CO2 damage to present US economy in billion $ 1990 of annual 
damage. 
Source: Adapted from IPCC 1996a: 203, Table 6.4 
As can be seen, the studies assume different increases in temperature as a result of a C02 
doubling. This is not the only difference, there are also different assumptions about the 
year when the CO2 doubling will occur and about the quantitative impact of a change in 
climate. Further, different approaches 
have been used in valuing these damages 
(Fankhauser 1995: 19). To list these differences would involve careful analysis of each of 
the methods, which is outside the scope of this research. The way, in which the 
Fankhauser estimate has been derived, is however described in Appendix 1. In spite of all 
the differences in the models, the estimates are of the same order of magnitude. 
Many have criticised the short termism implied by using a CO2 doubling as a benchmark, 
as highlighted earlier. Cline (1992) and Nordhaus (1991) have tried to estimate the cost of 
climate change, using a longer time-scale. Cline extended his CO2 doubling calculation to 
year 2275 while Nordhaus interviewed experts about their opinion on likely damage under 
different time and temperature scenarios. Cline's figure for long-term damage is based on 
IPCC estimates for a CO2 doubling. He used linear interpolation between the CO2 
doubling year (2060) and the year 2275 - which he estimated to be the time after which 
long-term damage will start to level off. The damage was assumed to grow in direct 
proportion to GDP. The different damage estimates are shown 
in Table 3-3. 
31 Transformed to 1990 base. 
32 US and Canada, base year 1988. 
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Cline (1992) Nordhaus(1994a) Nordhaus 1994a Nordhaus 1994a 
Year of damage ear 2275 year 2090 ear 2175 year 2090 
Temperature 
change 
10°C 3°C 6°C 6°C 
Method Identified and/or 
estimated costs 
Expert opinion Expert opinion Export opinion 
Country of study USA World World World 
Annual damage 
in % of GDP 
6.1% Mean: 3.6% 
Median: 1.9% 
Mean: 6.7% 
Median: 4.1% 
Mean: 10.4% 
Median: 5.5% 
Table 3-3: Very-long-term damage to present World economy in bn S 1990 of annual damage 
Source: IPCC 1996a: 208, table 6.7 and 6.8 
As can be seen, the damage estimates vary from 3.6% to 10.4% of GDP. This can be 
compared with the estimate based on the CO2 doubling estimate that amounted to about 1- 
2%. However, it should be noted that the long-term damage estimates are even more 
uncertain than the CO2 doubling estimate. 
Stage 4: Discounting 
There are several inter-temporal questions regarding climate change, of which discounting 
might be the most important. The rationale behind discounting is that it allows a 
comparison of effects that occur at different times. The choice of discount rate when 
calculating the damage costs of climate change can strongly influence the end result. A 
high discount rate can lead to the damage effects of climate change being assigned a low 
estimate and vice versa. 
The discount rate consists of three components the pure time preference, the elasticity of 
the marginal utility of consumption and the growth in consumption (Toth 1995): 
(3-i) D=p+Og 
Where D= discount rate 
p= pure time preference 
6= the absolute value of the elasticity of marginal utility 
g= growth rate per capita consumption 
p reflects the difference 
in the importance attached to utility today versus utility in the 
future, i. e. impatience, while eg reflects the belief that future generations will be better off. 
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This means that since future generations are assumed to be better off and people are 
impatient, discounting should take place. 
The social damage cost calculations presented in the previous sections, use different types 
of discount rates. Toth (1995) reviewed the discount rates used in some integrated 
assessments of climate change. His review of the DICE model, Cline and Fankhauser is 
summarised in Table 3-4 below. 
Model Discount rate Time discounting Elasticity of the Growth in 
(%) marginal utility of consumption 
consumption 
Nordhaus (DICE) 6 3 1 3 
Fankhauser `15-6' 0.5, `0-3' 1 2 
Cline 1.5 0 1.5 1 
Table 3-4: Discount rates in three different integrated assessments of climate change 
Source: Adapted from Toth (1995: 405, table 1) 
Within these studies it is the damage that is discounted. Fankhauser points out that 
depending on whether the damage is consumption or investment related, it should be 
discounted with either the social rate of time preference, which is the consumer rate of 
discount or the marginal product of capital, which is the opportunity cost of capital 
(Fankhauser 1995: 150). As will be discussed in section 3.3.4, not everyone agrees that 
long-term environmental problems should be discounted. 
3.2.2 Marginal Social Cost 
The annual damage cost due to a CO2 doubling as derived through a damage cost model 
has been described above, but there is limited use for this value. Efforts have therefore 
been focused on the development of the marginal social cost (MSC) of climate change. 
There are two ways of calculating the marginal social cost of emitting a tonne of 
greenhouse gas (often expressed in CO2 equivalents) that 
have been used in the literature. 
1. Two scenarios for the present value of future damages are compared. One scenario has 
marginally different emissions than the other in the base period. These scenarios are 
then compared and the MSC for emitting one more tonne of GHGs is derived. 
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2. The MSC is calculated as the carbon tax/levy that is necessary to keep emissions on an 
optimal trajectory. This is also referred to as the shadow value 33 
Nordhaus (1991) is often referred to as the first to calculate the MSC for greenhouse 
gases. He developed a method called DICE34, to calculate the annual damage, from which 
he derived the marginal social cost (using the shadow value technique). Table 3-5, shows 
some estimates of MSC. As can be noted these differ in magnitude, this is due to different 
assumptions regarding not only the monetary value, but also the physical effects of a C02 
doubling. The MSC estimates vary between years due to population and economic growth. 
Nordhaus Nordhaus Cline Peck & Fankhauser Maddision 
(1994) (1994) (1992) Tiesberg (1994) (1994) 
(1992) 
Type CBA CBA CBA CBA MC CBA/MC 
Best guess Expected 
value 
Social cost $ 5.3 $ 12.0 $ 5.8-124 $ 10-12 $ 20.3 $ 5.9-6.1 
estimate in USD (6.2-45.2) 
per tonne of 
carbon 
Table 3-5: The social costs of CO2 emissions in the decade 1991-2000 in 1990 USDS per tonne 
of carbon. 
Source: Adapted from IPCC 1996a: 215, table 6.11. 
Fankhauser's estimate serves as an example of a how the MSC can be derived, and is 
explained below. 
The MSC of CO2. an estimate by Fankhauser 
Fankhauser calculates what the cost to society would be if the atmospheric content of CO2 
doubled, using year 1900 as a start level. The C02 doubling is assumed to occur around 
2060 and to lead to an increase in temperature of 2.5°. The non-market and market impacts 
that this doubling would have are estimated as if the effects occurred to an economy with 
the same structure as that of 1988. The derivations of the market and non-market-based 
33 The shadow value is calculated from a cost benefit analysis, and is the value of the optimal social emission 
level i. e. where the MC and MB for releasing CO2 meet. 
3" Dynamic Integrated Climate Economy model (DICE). This is an optimal control model where different 
scenarios simulate changes in physical and economic processes to 
investigate their effects on the climate. 
Nordhaus calculated both cost and benefits in order to use cost-benefit analysis. 
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damages, due to a C02 doubling are described in Appendix 1. In short, the market-based 
damages are a function of the growth in the per capita income and population growth. So 
too are the non-market based damages, but these also depend on the income elasticity 
where it is assumed that as income increases the'WTP to avoid non-market damages' also 
increases 
The market and non-market damages are included in a damage function, where the annual 
damage depends on the size of the market and non-market damages as well as the current 
temperature change in relation to the baseline temperature change. If the baseline 
temperature change occurs earlier or later than estimated the effect is adjusted. The earlier 
the change takes place the greater the negative effects will be since the economy will have 
insufficient time to adjust. The MSC is then derived from the damage function. The MSC 
is an estimate of the damage cost of an additional 1 tonne emission of a greenhouse gas. 
3.3 The incorporation of climate change into sustainability 
indicators 
The process of deriving a damage cost estimate of climate change in the two sections 
above, has mainly been used to predict different climate change scenarios (as in IPCC 
1996 a, b). The experience from this process can be used when estimating the long-term 
degradation of natural capital and its integration into economic and environmental 
accounting. In this section, the way in which long-term degradation of natural capital in 
the form of climate change has been accounted for in macro-economic accounts and 
sustainability indicators will be examined, and parallels with the 
damage cost estimate of 
climate change in climate change scenarios reviewed above will be drawn. 
There have not been many attempts to integrate climate change into sustainability 
indicators. One of the reasons for this might be, as pointed out in the beginning of this 
chapter, that there are huge uncertainties involved 
in calculating long-term damage, for 
example regarding the effect on 
future generations. Nor can the same procedures be used 
as those for accounting for so-called flow pollutants (see chapter 2). This is mainly due to 
two reasons: The damage due to flow pollutants is assumed to come into play during the 
same time period as the emissions. 
The emissions are also assumed not to be transferred 
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into the next time period, i. e. the cost of the damage will not depend on past emissions. 
However, for stock pollutants such as the emissions of greenhouse gases, the damage will 
occur sometime in the future. The damage is also dependent on past emissions, not just 
current. It is the accumulated emissions that cause a temperature change. Despite these 
problems there have been some attempts to include climate change into sustainability 
indicators. These attempts are reviewed below. All three methods reviewed have included 
the effects of climate change as a negative contribution to their indexes. The differences 
will be highlighted. The cost estimates used in these indicators have mainly been derived 
from the social damage cost models discussed above, in one way or another. 
3.3.1 Long-term environmental damage in the ISEW methodology 
Daly and Cobb (1989) include long-term environmental degradation in their index, as they 
argue that future generations should be compensated for the ecological disruption that the 
damage might cause. The damages that fall into this category are those which are caused 
by energy consumption and by the release of CFCs. Energy consumption contributes 
mainly to three types of damage; global warming, the potential damage associated with the 
risks of using nuclear energy and local air pollution (SO2, NOX, etc). The release of CFCs 
and other halogen gases contributes to the depletion of the ozone layer. Here the 
techniques used for accounting for climate change will be described. 
Daly and Cobb (1989) include the damage to the climate by estimating the total 
consumption of fossil fuels and assigning a constant value. The primary consumption of 
fossil fuels is used as a basis for the calculation. In order to account for future damages 
caused by energy consumption a value is assigned ($0.50 in 1972 dollars) to each barrel of 
oil equivalent of non-renewable fuel consumed. The total cost year T is taken to be equal 
to the cumulative energy consumption (1900 and onwards) multiplied by this damage 
value. This can be described as. 
tect 
(3-2) DT =xa 
t=19oo 
Where ect = energy consumption in barrels of oil equivalent in year t, a= damage value = 
$0.50 ($1972). This function describes the damage due to climate change included in 
ISEW. The data requirement is not too exacting, since it is based on primary energy 
consumption, which is relatively easy to 
find information about. 
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ISEW for the UK 
Figure 3-1 below displays the long-term environmental damage due to non-renewable 
energy consumption (nuclear excluded) for the UK in 1950-1996. The same tax/rent of 
$0.50 per tonne of oil equivalent used by Daly and Cobb was adopted. These estimates, as 
with Daly and Cobb's estimate for the USA, have been regarded as very high ([G] 
Atkinson 1995). As can be seen from the Figure the estimated cumulative damage in 1990 
is about £108 billion. Figure 3-1 shows the climate changes estimate as calculated in the 
UK-ISEW, compared with GDP. 
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Figure 3-1: Climate change variable in UK-ISEW 1950-1996, in £m (in 1990 prices) 
Source: Jackson et a! 1996 
The climate change variable is in fact the largest negative contributor in the UK-ISEW. 
The size can be compared with GDP in 1990, which was estimated at about £480 billion in 
1990 prices. Daly and Cobb acknowledge that the estimate is higher than other estimates, 
but still want to reflect the enormous costs that a change in the climate can lead to. "We 
have reckoned that current energy consumption patterns will impose costs in the hundred, 
of billions or trillions of dollars in the next century, and that those costs ought to he 
subtracted from current income " (Cobb & Cobb 1994: 206). 
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The main characteristics of the ISEW calculation are: 
9 Based on cumulative energy consumption 
" Based on a constant monetary value ($0.50 in $1972) 
3.3.2 Long-term environmental damage in Generational Environmental 
Debt. 
Jernelov (1992), introduced the concept of environmental debt, as a measure of the stock 
of damage that the current generation imposes on future generations due to past and 
current emissions. The well-known adage that we have not inherited the environment from 
our parents but `borrowed' it from our children is the underlying concept behind 
Generational Environmental Debt (GED). Jernelöv estimated the Swedish GED to be 
about $33 billion in 1990. The C02 share of this was about $10 billion. Azar & Holmberg 
(1995) developed the concept further, by focusing on the debt that the current generation 
has to future generations due to past35 and current emissions of CO2. They estimated that 
the C02 debt was 6 times higher than Jernelöv's estimate, i. e. $60 bn. The difference is 
largely due to Jernelöv estimating the damage that is technically and economically 
possible to restore, while Azar & Holmberg also include the cost for the damage that is 
impossible to restore. The data requirement is world cumulative CO2 release, the CO2 
release for the country for which the debt is calculated (Azar & Holmberg calculated it for 
Sweden) and the cost of sequestering. Sequestering is assumed to be achieved through 
reforestation. 
The main characteristic of GED is that it is a stock concept. The debt is said to have been 
built up over generations, as there has been no attempt to regulate or abate CO2 emissions. 
It is based on cumulative emissions and their contribution to GHG concentration in the 
atmosphere. Azar & Holmberg (1995) base their calculation on the most cost-efficient 
response available for the current generation. They argue that there are two options current 
generations have: either restore the environment or compensate future generations for the 
damage done. They propose that the environment should be restored as far as it is 
technically and economically feasible. This point is reached when the marginal cost is 
equal to the marginal benefit of restoration. The most cost-efficient way of restoring C02 
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emissions, according to Azar and Holmberg, is sequestering. Every hectare of land planted 
with biomass would reduce the atmospheric CO2 content by 2.5 tonnes on a yearly basis. 
The marginal cost of sequestering is simply the cost of planting trees (biomass). The cost 
curve will rise sharply as land becomes scarcer since it would have to compete with other 
activities such as agriculture. The benefit of sequestering is taken to be the same as the 
damage avoided due to the reduction in CO2 concentration levels. For the remaining 
human-made carbon dioxide (which amounts to 68%), it is argued that no feasible 
restoration method exists. The second response would be for current generations to 
compensate future generations by setting aside money in a fund. The amount set aside is 
based on the cost of planting more hectares with biomass. As said above the costs escalate 
as the scarcity of available land rises. Figure 3-2 illustrates the damage according to GED 
(compared with GDP). 
Azar & Holmberg (1995) base their damage cost on the CO2 doubling benchmark. This 
means that the damage the emissions would cause (if not sequestered), is related to the 
cost of a CO2 doubling. They use a value of 1.5% of gross world product (GWP), as an 
estimate of what would be lost due to a CO2 doubling. They identify the relationship 
between the atmospheric content of C02, time, and amount of hectares sequestered. The 
more hectares used for sequestering, the less CO2 in the atmosphere. The further into the 
future the less CO2 in the atmosphere. For the first hundred years the atmospheric content 
will depend on the original content and the number of hectares used for sequestering. For 
the next hundred years the atmospheric content will depend on how much has been 
reduced in the first 100 years and the amount of hectares planted, i. e. the carbon content 
depends on time and amount of hectares used for sequestering. Once the atmospheric 
content of CO2 has been established, the benefit of reducing the emissions can be 
calculated. Since the benefit is the same as the damage avoided, the damage that emissions 
would cause is calculated. The damage function says that the damage will depend on the 
excess carbon in the atmosphere. The cost of this excess carbon depends on how large a 
share of the damage (related to a CO2 doubling) it will account for. 
35 From 1900 until 1990. 
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The present value of the damage is needed to be able to assess the total debt in 1990. Azar 
and Holmberg (1995) take into account the negative marginal elasticity of utility of 
consumption, the relative growth rate in consumption and the pure time preference. 
GED for the UK 
Azar and Holmberg (1995) calculated GED both for the world as a whole and for 
Sweden36. By estimating the UK share of the world cumulative emissions of carbon (C), 
the GED for the UK can also be estimated. The total world cumulative emissions of 
carbon in 1990 were estimated at about 300 Giga tonnes (Gt). The UK share of this was 
about 4%, i. e. about 12 Gt of carbon. This assumes that the UK share of world GED is 
proportional to the UK share of carbon release. This is displayed in Figure 3-2 
The total UK GED due to CO2 emissions in 1990 was about £276 billion (bn). Azar and 
Holmberg (1995) point out that there are uncertainties and complexities when estimating a 
monetary index such as GED, however they emphasise that "monetary measures have a 
strong influence over policy makers" (Azar & Holmberg 1995: 18). 
36 By assuming that Sweden's share of World GED was proportional to its share of World CO, emissions. 
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Figure 3-2: GED for the UK in 1990 compared with GDP (in £bn) 
Main characteristics of GED: 
" Based on cumulative emissions. 
" Uses zero time preference. 
" Is a measure of the stock of damage. 
" Uses the cost of planting trees as an estimate of the damage cost. 
3.3.3 Long-term environmental damage in the Genuine Savings Approach. 
Genuine saving is defined as net savings less the value of resource depletion and pollution 
emissions. The concept was introduced by Hamilton (1994), and extended by Hamilton 
and [G] Atkinson (1996) to include pollution emissions, where the negative effects of 
GHGs are included as negative contributions to savings. The main feature of the concept 
of genuine savings is that if an economy has permanent negative savings, it indicates that 
the economy is on a non-sustainable path. 
The genuine savings approach can be defined as 
(3-3) Sg = S-dK-nR-ße 
Where S= gross savings, dK = value of depreciation of reproducible capital, nR value of 
the depletion of resources, ße = degradation of the environment (Hamilton & [G] 
Atkinson 1996: 680). 
The degradation of the environment is calculated as the unit marginal social cost a, 
multiplied by the amount of pollution emission, e. This is calculated by multiplying the 
annual emissions of C02 by the marginal social cost of emitting CO2. The MSC estimate 
used was taken from Fankhauser (1995). This is the same estimate as was referred to in the 
beginning of this chapter. This estimate is described in detail below. 
Genuine Savings approach for the UK 
The conclusion of the Hamilton and [G] Atkinson study on genuine savings in the UK was 
that in 1980 the total genuine savings amounted to, -1.6 % of GDP. In 1990 the situation 
had improved to +1.3 % of GDP. The air pollution damage in this period had fallen from 
4.7% of GDP to 3% of GDP. The air pollutants accounted for in the genuine savings 
approach are SO2, PM10, NOx and CO2. Figure 3-3 shows the impact of CO2 emissions in 
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Figure 3-3: Impact of CO2 emissions in GSA in the UK 1980-1991) 
Source: Adapted from Hamilton and Atkinson (1996) 
Hamilton and [G] Atkinson estimate the negative savings caused by CO2 emissions in the 
UK for the period 1980-1990 (Figure 3-3). A marginal social cost of £4 per tonne of CO2 
(or £ 14.7 per tonne of C) is multiplied by the annual emissions of CO2. 
The MSC estimate excluded damage to crops, as this does not affect future generations. 
The estimate is incorporated into the genuine savings index as "loss of environmental 
service" alongside negative savings due to other pollutants. The total genuine savings in 
the UK ranged from -1.6 % of GDP in 1980 to 1.4 % of GDP in 1990. The loss of 
environmental service due to CO2 emissions remained at around 0.55% to 0.42 % of GDP 
throughout the surveyed years. 
The main characteristics of GSA 
" Based on annual emissions. 
" Uses MSC. 
" The MSC is based on a randomly selected discount rate. 
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the GSA approach each year from 1980-1990. In the UK in 1990 the proportion of 
negative savings due to CO2 emissions was about 0.4% of gross domestic product. 
3.3.4 Comparison of climate change estimates 
Figures 3-1 to 3-3 above illustrates the impact climate change have on the sustainability 
indicators. In Figure 3-4, cost estimates of the three methods are compared in the same 
diagram, and it can clearly be seen that there is a difference in magnitude between the 
estimates. 
It should be noted that the original cost data for each of the methods were not derived to 
reflect the same thing. Fankhauser, for example, has highlighted that the marginal social 
cost will vary over time, so to calculate the cumulative stock, a varying MSC should be 
used. Hence, objection could be raised towards comparing the methods in the same graph. 
Therefore, in an attempt to make them more comparable, the MSC per tonne of carbon in 
1990 has been calculated for each of the methods. The result is illustrated in Figure 3-5. In 
Appendix 2, the MSC cost per tonne of C and per tonne of CO2 is also shown. 
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Figure 3-4 Total GSA, ISEW and GED compared 
As can be seen, Fankhauser's estimate with a high discount rate has the lowest MSC 
estimate. The next lowest is Daly and Cobb's estimate. It is also noteworthy to observe 
that Fankhauser's estimate is very sensitive to the discount rate chosen. Daly and Cobb's 
cost figure of $0.50 per barrel of oil equivalent can be made comparable with the other 
MSC figures by converting it into MSC per tonne of C02 or C. As can be seen, the MSC 
per tonne of carbon is highest using the Fankhauser estimate based on a low discount rate. 
See Appendix 2 for notes on deriving the MSC. 
A general expression of the damage cost 
From the above Figures, a general expression of the damage cost can be derived. Such an 
expression can be useful when comparing the above methods. As stated in the beginning 
of this chapter, accounting for long-term stock pollutant differs from the accounting of 
short-term pollutants. The damage due to short-term emissions is often expressed as (for 
example in Daly and Cobb): 
(3-4) dc = et*6t 
Where d= damage, e= annual emissions, ß= cost of releasing the emission, t= time 
period. So the damage cost in period t is equal to the annual emissions multiplied by a 
damage cost estimate. Hamilton & [G] Atkinson (1996) follow the approach when 
estimating the damage cost due to CO2 emissions in so much that their physical basis is 
annual emissions and their cost estimate 6 is the incremental cost of releasing one more 
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Figure 3-5: MSC per tonne of carbon in 1990 using the different methods 
tonne of CO2. The cost estimate is based on the present value of future damage that the 
annual emission can generate. According to [G] Atkinson (1995), they have thereby 
derived the annual cost due to GHG emissions. 
Azar and Holmberg (1995), on the other hand base their function on cumulative damages. 
Below a simplified damage function is displayed. 
T 
(3-5) DT = Le, x at 
t=1900 
Where e is the annual emission of carbon dioxide and a is the cost of both reforestation 
and compensating future generations for the damage done with a varying rate. Note that 
cumulative emissions from 1900-1990 are used and that the cost estimate will rise, as land 
becomes scarcer. 
Daly and Cobb (1989) aim to account for the loss in welfare that current and past 
emissions have caused and deduct this from ISEW. When calculating the damages due to 
sulphur emissions etc., they use annual damages but argue that for GHG the situation is 
different, as there will be long-term damage effects. Damage is therefore based on 
cumulative emissions. 
T 
(3-6) DT = ec, xa 
t=1900 
Where ec is the consumption of barrels of oil equivalents and a is a constant ($0.50 in 
1972 dollars). 
Using this general function of the damage costs, the different methods can now be more 
easily compared. The three components in the function that differ between the methods 
are; the monetary valuation, the physical basis and the discounting. 
. Monetary valuation 
The three methods reviewed use different approaches to monetary valuation. In the 
genuine saving approach, Hamilton & [G] Atkinson (1996) employ a marginal social cost 
estimate based on a C02 doubling. This estimate reflects the cost to future generations 
associated with emitting one more tonne of CO2. 
This damage cost estimate varies over 
the years due to population and economic growth. For example the MSC in 1990-2000 
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amounts to $20 ton/carbon while in year 2021-2030 it would amount to $28 ton/carbon 
(cost of preventing damage). This means that there is a built-in non-linearity between the 
cost and the damage. 
In the original ISEW, a constant value of $0.50 per barrel of oil equivalent was used. By 
using a constant value, linearity between damage and costs is implicitly assumed. The total 
damage value is hypothetically set aside in a fund, for use by future generations. 
Calculation of future damage is avoided, as it would involve using a discount rate (as the 
present value has to be calculated). It is also assumed that the fund is non-interest bearing. 
Both [G] Atkinson (1995) and Eisner (1994) have criticised the value ($0.50 in 1972 
dollars) as based on weak scientific evidence. It should be borne in mind that when Daly 
and Cobb made their estimate, there were few estimates available. Daly and Cobb defend 
the value they placed on long-term damage with an estimate by Cline: "If Cline's estimate 
of $120 billion in annual damage is approximately right, that would mean the 
accumulated condition of damage in 2025 (from which annual damage would 'f ow ") 
would be around $1.2 trillion. That serves as an indirect confirmation of the 
reasonableness of our estimate of $285 billion (1972 dollars) as the "stock of damage " in 
1990. " (in Cobb & Cobb 1994: 270). 
In GED, the damage value is based on the cost of `avoiding damage'. The most cost 
efficient response, which avoids damage, was assumed to be sequestering. This value will 
vary over time, as land will become a scarce resource. The damage and value will 
therefore have a non-linear characteristic. The main difference between GED and ISEW is 
that GED employs a higher MSC value than Daly and Cobb and that it is a varying value. 
Discounting 
The above methods have different approaches to discounting. Azar and Holmberg (1995), 
in their calculation of the present value of the damage costs, use discount rates. However, 
they do not follow the conventional route, which uses a constant discount rate (Nordhaus 
and most other studies have used 3% 
discount rates. ). Azar and Holmberg do not agree 
with a constant discount rate for projects with a long time-scale (>50 years). They 
therefore chose a pure time preference of zero; i. e. equal importance is attached to the 
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current generation as to future generations. Azar and Holmberg give three reasons for 
using a zero time preference (1995): 
1. It is unethical to use a time preference when dealing with intergenerational issues. 
2. It would be inconsistent to use a time preference in GED as the assumption is that the 
current generation should return the earth to the same shape as when they borrowed it 
3. Future generations should not accept having their present being discounted by 
impatience. 
Assuming a zero time preference does not, however, imply a zero discount rate. This is 
due to the second and third variable in the discount function (see chapter 4), the 
assumption is that future generations will be better off than today's due to increased 
economic growth. Even though Azar and Holmberg admit that , their method for 
calculating present value is not exact, they think it is more correct than just applying a 
constant discount rate. 
Daly and Cobb "reject in principle the idea of discounting the effects of resource 
depletion (and environmental damage) on the future" (1989: 454). They argue for a 
discount rate of zero on ethical grounds. First of all why should more emphasis be placed 
on the current generation than the future?, i. e. the time-preference should be zero (as 
argued by Azar and Holmberg above). In addition they do not believe discounting should 
occur because future generations are expected to be better off than current generations. 
This is because economic growth in itself is not something that is desirable. 
Hamilton and [G] Atkinson's damage cost variable is based on an estimate by Fankhauser 
(1994,1995). His estimate is based on a random discount rate. Fankhauser argues that by 
using a random discount rate he can directly account for some of the uncertainty 
associated with climate change, and does not need to use scenario analysis as in other 
studies (Fankhauser 1994: 158). He uses the standard formula for derivation of discount 
rates (see section 3.2), estimating both the pure time preference (p) and the marginal 
utility of consumption (0). He transforms all damages to consumption equivalents by 
multiplying by a shadow value of capital. Both p and 0, are chosen randomly. However, 
he also tests their sensitivity to 0 and 3% discount rates (see Table 3-6). 
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Discount rate Year 1991-2000 
Random p= $ 20.3 t/C 
discounting 0,0.005,0.03 
e=0.5, i 1.5 
Low p=0 $ 48.8 VC 
discounting 0= 1 
High p=0.03 $ 5.5 t/C 
discounting 0=1 
Table 3-6: The costs for CO2 emissions at different discount rates. 
Source: Fankhauser (1994: 179, table 3). 
The conclusion that can be drawn from this is that the cost estimate is very sensitive to the 
discount rate chosen. 
" Cumulative versus annual emissions 
The methods above also take different approaches to the use of annual and cumulative 
emissions. [G] Atkinson (1995) argues that by relating damage to cumulative energy 
consumption rather than annual consumption 
(or emissions), the stock rather than the flow 
of damage is calculated. He says that this is incorrect if we "wish to know the value of the 
damage that emissions of GHGs cause in a particular accounting period, given that 
damage from these emissions occurs sometime in the future" ([G] Atkinson 1995: 8). The 
annual damage depends on the annual emissions multiplied by the MSC that represents the 
future damage that these emissions will cause. The annual damage is the potential damage 
that in a particular year has contributed due to emission of GHGs. The emissions are 
multiplied by the MSC value to obtain the potential damage to future generations. 
The potential damage that current (anthropogenically released) greenhouse gases in the 
atmosphere will cause is built in the stock of emissions, so the stock of damage can be 
measured in units of cumulative anthropogenic greenhouse gases that have been released. 
Daly and Cobb (1989) say that they calculate the stock of damage; ".. our estimate of $285 
bn (1972 dollars) as the stock of damage". On other occasions they refer to the service 
flowing from the stock. Therefore it is difficult to know if they are actually measuring 
what they want to measure. Gottfried (1994) has also pointed out that Daly and Cobb 
sometimes use changes in the capital stock and sometimes the annual services from the 
capital stock, when measuring the 
impacts of different factors in ISEW. He argues that 
they should use capital consistently and preferably use the services from the capital stock 
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to reflect welfare. Daly and Cobb's use of the capital concept can be summarised in a 
quote: 
"Upon reflection, it seems to us that the measure of current welfare should 
be based on the level of services flowing from an existing stock of capital 
and that the measure of sustainability or capacity to generate services in 
the future should be based on changes in capital stocks. The ISEW 
combines both of those features in a single index on the theory that true 
welfare is current enjoyment that does not take away en) oyment from future 
generations. Consequently, despite the call for consistency from Gottfried, 
we regard the use of two different methods for two different purposes as 
justifiable. Sustainability involves maintaining a given stock of capital to 
allow an equal level of income or service from it in the future. Increases in 
the stock enhance the potential for future production of services, while 
decreases in the stock diminish future potentialities. The columns in the 
ISEW dealing with loss of wetlands, loss of farmland, resource depletion, 
net capital growth, and net international position all deal with 
sustainability and thus ought to be calculated on the basis of changes in the 
stock of capital. In other cases, where current enjoyment is concerned, 
valuation ought to be on the basis of services from that capital. " 
(Cobb & Cobb 1994: 276) 
The Atkinson approach would mean that the damage that current emissions have now and 
in the future is taken into account. However, it does not take into account the fact that 
current and future damage is a function of both present and past emissions. This is clear 
when analysing the hypothetical case of zero emissions in one year. Zero emissions would 
mean zero damage cost due the concentration of greenhouse gases in the atmosphere 
influencing the climate. 
3.4 Cumulative degradation of natural capital - suggested 
methodology 
This section will examine how to improve accounting for long-term environmental 
damage in the ISEW methodology. The suggestion is based on the background to damage 
cost estimates and the incorporation of long-term environmental damage in the form of 
climate change into macro-economic measures analysed above. There are a number of 
factors that need to be taken into consideration in this work, many of which that have been 
highlighted in previous sections. The physical basis for the cost estimates, is one of the 
factors that need to be considered. For example, in the original ISEW methodology, it was 
suggested that the physical basis of the climate change variable should be related to the 
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consumption of non-renewables such as oil, coal and gas. The other two indicators 
reviewed (the GSA, the GED) on the other hand, related the damages to C02 emissions 
rather than the energy consumed37. However, when analysing the effect that burning fossil 
fuels has on the environment, it does not seem to matter whether the estimate is based on 
energy consumed38 or on C02 emissions. Hence, the choice could be a question of access 
to data. However, it must be pointed out that most cost estimates relating to climate 
change are expressed in cost per emission. It therefore seems appropriate to follow the 
most common basis of using C02 emissions. There is another very important issue with 
respect to the physical basis that also needs to be taken into account, and has been 
highlighted in previous sections. This is the choice between the usage of the cumulative or 
annual emission damage estimate. In the climate change estimates below, both measures 
have been analysed based on cumulative emissions and annual emissions. 
A third factor to take into account is monetary cost estimates. Assuming that the damage 
function is non-linear would indicate that the cost estimate should be varying over time 
rather than constant (see below). In the ISEW methodology, a constant estimate of $0.50 
per barrel of oil is used, whilst in both the Generational Environmental Debt index and the 
Genuine Savings Approach (GSA), a varying MSC value per tonne of carbon emitted was 
suggested. However, since the GSA study only covered a limited time-period, a constant 
cost estimate was used. The difference between varying and constant cost estimates will 
be examined further below, when both are tested in the empirical analysis. 
Whether or not the damage function should be based on a linear or polynomial39 damage 
function is a further factor that needs to be taken into account. A linear damage function 
assumes that the damage due to climate change rises according to the release of emissions. 
Daly and Cobb implicitly assume that global warming is linear, they have done this 
through the use of a constant cost estimate of $0.50 per barrel of oil consumed. Eisner 
(1994) finds it hard to come to terms with the "simple and linear equation of energy use 
and environmental damage, let alone with particular arbitrary and unchanging 
37 it is common to only relate climate change to the emissions of CO2 - rather than all greenhouse gases. 
This is due to data difficulties. 
38 Expressed as barrel of oils. 
39A mathematical expression consisting of a sum of terms each of which is the product of a constant of one 
or more variables raised to a positive or 
integral power = non-linear. 
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coefcient" (1994: 108). He points out that global warming is non-linear. This means that a 
change in one variable will lead to a disproportionate change in other variables. However, 
he gives no suggestions as to how climate change should be included. Daly and Cobb, in 
their response to the criticism, acknowledge this and say that they "make no claim to know 
that the relation between energy use and environmental deterioration is in fact linear" (in 
Cobb & Cobb 1994: 267). However, they refuse to change their calculation method, as 
they cannot find a more appropriate methodology. 
The non-linear characteristics of climate change can be highlighted by examining changes 
in temperature. Temperature change takes place over a period of time as the cumulative 
concentration of GHGs grows. For example, the temperature change from 1900-1990 has 
been estimated at 0.3°C, but assuming business as usual, the temperature change in 70 
years time in 2060 is projected to be 2.5°C (Fankhauser 1995). This means that climate 
change is non-linear. Fankhauser, for example, in calculating his damage cost estimate, 
assumes that global warming is based on a polynomial function, which means that the 
damage of global warming is a growing function of the release of CO2. The distinction 
between linear and polynomial is important here, because it means that it is not possible to 
use a constant cost estimate. If the damage were a growing function of the emissions, it 
would mean that a CO2 emission released tomorrow would cause larger costs than an 
emission released today. This would mean that a constant cost estimate could probably not 
be used. 
By taking these factors into consideration, a number of different climate change estimates 
can be suggested, all of which could be used to integrate the long-term environmental 
damage effect of the release of greenhouse gases into macro-economic sustainability 
indexes. Six different attempts to incorporate climate change into a UK macro-economic 
account or index are presented below. The attempts are based on six different derivations 
of MSC estimates, based on the studies discussed in this chapter. These MSCs are then 
applied both to the annual and the cumulative emissions. In this way 12 different possible 
climate change estimates are in fact produced. 
MSC estimates 
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The first method suggested, here named method A, uses a constant MSC estimate. This is 
the approach that was taken in the original ISEW methodology by Daly & Cobb, when a 
$0.50 ($1972) per barrel of oil equivalent where used. In Appendix 2, this cost estimate 
per barrel of oil equivalent has been converted into a cost per tonne of carbon emitted, 
(£9.43/tonne of carbon). By using a constant estimate the same weight is put on each 
emission - independent of when the actual emission takes place (whether it is in year 1900 
or year 1990). This has the disadvantage mentioned above, namely that it assumes that 
climate change is linear. An advantage, however, is that it can be argued that no future 
generation should be charged a higher price for doing something another generation took 
for granted. (Especially when this higher price is a direct result of the consumption of 
earlier generations! However, the result will also depend on what the earlier generation did 
with their consumption). 
The second method, (method B), applies an MSC that varies over time, due to for example 
population and economic growth. Here, Fankhauser's estimate of £11.4 per tonne of 
carbon emitted is used. Fankhauser projected the future MSC to rise due to growth in 
population and income. He projected that each decade (1991-2000,2001-2010,2011-2020 
etc. ) the MSC would rise by $2.5 per tonne of carbon. This assumption has been used to 
derive the MSC back in time. Linear interpolation has been used for intervening years. 
The third method suggested, (method C), is also based on Fankhauser's MSC of £11.4 (in 
1990 prices). But here the MSC is assumed to be proportional to the cumulative emissions 
in that year, i. e. the MSC is scaled on cumulative rather than actual emissions. This means 
that an emission in 1900 has a lower MSC than an emission in 1990. By scaling the MSC 
on cumulative emissions some attempt is made to account for the non-linearity of global 
warming. 
The fourth method suggested (method D) is based on the UK-GED estimate of £276 bn in 
1990. This method also assumes that the MSC is proportional to cumulative emissions, i. e. 
the MSC is scaled on cumulative emissions. 
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The fifth method suggested, (method E), is also based on GED in 1990 but uses a constant 
MSC estimate rather than a varying one. The constant MSC has been derived by dividing 
the UK-GED in 1990 (£276 bn), by the sum of the cumulative emissions in 1990. 
The sixth method, (method F), is based on the on a constant MSC estimate. Fankhauser's 
MSC of £11.4 (in 1990 prices) is used and the same estimate is applied to the annual 
emissions in every year from 1950-1996. 
Application of the methods to annual emissions of CO2 
In Figure 3-6, all of these 6 different MSC estimates are applied to the yearly (annual) 
emission of C02 in the UK, using the physical basis of emission of C02 from primary 
energy consumption. The data for Figure 3-6 is shown in Appendix 4. 
Figure 3-6 clearly displays the difference between the methods. In the Figure, it is line F 
that represents the original calculation in the GSA approach. Line A illustrates the impact 
on the ISEW methodology, if the cost estimate used were applied to the annual emissions 
rather than the cumulative emissions. 
As can be seen from the lines A and F, the ISEW 
estimate actually lies below the estimate used 
in the GSA, if both are based on annual 
emissions. Methods D and 
E, which are both based on the GED estimate, lead to the 
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Figure 3-6: The social cost of climate change in the UK 1950-1996 using annual emission as 
basis. 
highest estimate. This is, however, not surprising since the original stock value that the 
MSC estimate is based on was very high. An interesting observation that can be made 
from the above Figure, is the closeness between method B and C, in other words between 
the variable Fankhauser estimate, calculated either by scaling it on cumulative emissions 
or by using the suggestion of rising with £2.5 per tonne of carbon per decade. The results 
turn out to be almost identical. 
Application of the methods to cumulative C02 
In Figure 3-7, the same MSC estimates are applied to a cumulative emission basis. It is 
clear, that this will lead to differences in magnitude. Line A now illustrates the estimated 
inclusion of climate change using the method suggested in the original ISEW study by 
Daly & Cobb. In other words, a constant MSC is applied to a cumulative physical basis. 
Line F represents the MSC suggested by Fankhauser and used in the GSA approach 
applied to a cumulative emission basis. The data for Figure 3-6 is shown in Appendix 4 
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Figure 3-7: The social cost of climate change in the UK 1950-1996 using cumulative emission 
as basis. 
As can be seen from these two graphs, the choice between annual and cumulative basis 
will give results that differ in order of magnitude. The importance of reflecting the 
accumulated damage rather than merely the annual damage has been highlighted 
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throughout this chapter and it is suggested that the best method is based on a cumulative 
physical basis. Further, by using a varying rather than a constant cost estimate the non- 
linearity of global warming can be taken into account. Methodology C, has these 
properties. 
3.4.1 The revised method 
In Figure 3-8 below, the revised climate change variable to be included in the ISEW, as 
suggested in the above sections, is compared with both the original climate change 
variable and the GDP. The revised climate change variable is based on a varying marginal 
social cost (MSC) estimate, where an assumption has been made that MSC is proportional 
to cumulative emissions. Further, as the physical basis the accumulated stock of C02 is 
used, as in the original Daly & Cobb suggestion. Total annual carbon emission is 
multiplied by the marginal social cost for that year. Then, since these future damages 
accumulate, year on year, the associated costs are accumulated through the index. This is 
represented by line C in Figure 3-7, and its comparison with the original methodology and 
GDP is illustrated in Figure 3-8 below. 
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Figure 3-8: Revised climate change, original climate change and GDP 
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As can be seen from Figure 3-8, the revised climate change variable differs quite 
substantially from the original climate change variable. Despite this, its size is 
substantially higher than the value proposed by many of critics of the climate change 
variables inclusion in the ISEW (e. g. Neumayer 1998, [G] Atkinson 1995). However, as 
can be seen from the previous section (e. g. Table 3-2 and 3-3) estimates with respect to 
climate change often differ in magnitude and it is difficult to evaluate whether one 
estimate is more correct than the other. The uncertainties associated with the impact of 
climate change are too large. Therefore, even though the intention from the outset of this 
work was to create a more robust measure of long-term degradation to be included in the 
ISEW methodology, this intention has not been wholly successful. The main contribution 
of the work has instead been the bringing of the long-term degradation problem into the 
forefront in the accounting framework. Specifically the need to use a basis of cumulative 
emissions, rather than annual emissions, in such accounting framework has been 
highlighted. 
3.5 Summary and discussion 
This chapter has addressed the issue of long-term degradation of natural capital and its 
integration into macro-economic accounting. Long-term environmental damage has often 
been set aside in accounting frameworks, due to for example short-termism and 
methodological difficulties. Work on long-term damage has mainly taken place in the area 
of economic-environmental modelling, which analyses the impact on the economy of a 
change in the climate. In those cases where pollutants contributing to long-term 
environmental degradation have been taken into account, this has often been achieved by 
using annual emissions. Thus the negative impact arising from the cumulative damage has 
been set aside. 
By reviewing the procedure of economic modelling of climate change, this chapter has 
highlighted some important issues that need to be taken into consideration and analysed. 
Available cost estimates have been analysed. Further, three studies where long-term 
environmental degradation has been integrated into sustainability indicators have been 
analysed. These three studies are the Index of Sustainable Economic Welfare (ISEW), the 
Generational Environmental Debt (GED) and the Genuine Savings Approach (GSA). Daly 
and Cobb, in their ISEW, wanted to reflect the millions and trillions of dollars worth of 
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damage due to consumption of fossil fuels. They applied a constant cost estimate to the 
cumulative consumption of fossil fuels from 1900-1990. Azar and Holmberg, in their 
GED, wanted to reflect the environmental debt that the current generation has to future 
generations due to past and current emissions of C02. They did this by estimating what 
the cost would be of sequestering the GHG in the atmosphere. Hamilton and [G] Atkinson, 
in their GSA, tried to account for the negative contribution that emissions of C02 would 
make to the genuine savings in the UK. They used an MSC (based on Fankhauser) and 
applied it to the annual emissions of C02. From these indicators and from the economic 
modelling of climate change, two main questions have been raised. The first is what value 
should be assigned to the damage caused by the emissions? The second question is 
whether it is the stock of damage or the annual damage that should be deducted from a 
sustainable welfare index? 
These two issues have been addressed, using the ISEW methodology as an empirical 
framework. In this chapter it is recommended that to reflect the non-linearity of climate 
change, a varying MSC estimate proportional to cumulative emissions should be used 
rather than a constant estimate. This means that a tonne of carbon emitted in 1900 is 
assigned a lower MSC estimate than a tonne of carbon emitted in 1990. The reasoning 
behind this is that a tonne of carbon emitted to an already large stock of carbon will cause 
greater damage than a tonne emitted to a smaller stock. It can, however, be argued that it is 
unethical to use a varying cost estimate since future generations should not have to pay 
more for emitting a tonne of carbon than past generation. In the end the emission, 
whenever it is released, will contribute to the same amount of damage. The varying 
estimate could also be scaled to economic and population growth, to reflect the fact that 
the actual cost of emitting will vary over time. 
In the case of the second issue, it has been recommended that the basis for long-term 
environmental damage as deducted from a sustainable welfare index, should be 
cumulative. When basing the estimate on annual emissions, as for example Hamilton and 
[G] Atkinson do, the current generation's contribution to climate change is accounted for. 
The varying MSC ensures that one tonne of CO2 emitted to a large stock of GHG, will 
have a higher cost estimate. However, the estimate does not take into account the welfare 
loss that takes place due to the stock of CO2 accumulating over the years, irrespective of a 
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scenario of zero annual emission, this stock will still generate damage and hence loss of 
welfare. Basing the estimate on cumulative emissions is therefore to be recommended. 
The revised version of climate change in ISEW, suggested in this chapter is based on the 
stock of emissions, as past emissions are bound to influence current welfare. A varying 
cost estimate has been applied to the cumulative emissions and then added up. The 
changes mean that the negative contribution due to climate change will be less than in the 
original calculation. 
The analysis in this chapter has highlighted the impact and hence the importance of taking 
into account long-term environmental damage in macro-economic indexes. Even though a 
method for inclusion has been suggested, the main contribution of this chapter is the 
raising of the awareness of the importance of long-term environmental degradation in 
measuring sustainability and how it has been treated in the accounting framework and the 
issues that need to be considered when developing appropriate estimates, 
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4. Accounting for depletion of non-renewable resources 
"An average American during his or her life-time uses about 1600 
tonnes of material that has been extracted from the earth". 
The Earth Report 3 
Since the start of the industrial revolution, extracted oil, coal and other non-renewable 
resources have been one of the core building blocks of economic development and growth. 
However, the environmental costs and the costs incurred to future generations, due to the 
depletion of these resources have long been overlooked. One specific consequence of this 
within the conventional national accounting system is that the rent from depletion of non- 
renewable capital has been registered as pure income. It has therefore not been possible to 
determine whether income generated is the return from the capital stock or if it is 
consumption of the capital stock. If the latter were the case, it would mean that the current 
generation is using up the capital stock and hence depriving future generations of 
consumption possibilities without it being recorded. Despite suggestions in the literature 
during the last two decades on how to adjust for this flaw, to date no method has been 
internationally agreed (Vaze 1996). 
This chapter analyses various economic based methods of accounting for depletion of non- 
renewable natural capital in a national accounting system. A possible methodology for 
accounting for oil depletion in a sustainable welfare index is proposed and some critical 
factors are highlighted. The chapter is outlined as follows: In section 4,1, the concept and 
definition of non-renewable resources are presented. In section 4.2, different economic 
based methods of accounting for non-renewable resources in a national accounting system 
are reviewed. In section 4.3 the replacement cost method is presented. In section 4.4, some 
illustrative empirical attempts to account for non-renewable resources using the methods 
presented in the two previous sections are shown. In section 4.5 the integration of 
depletion of non-renewable resources are discussed and analysed and some critical factors 
are highlighted. The chapter ends by recommending a method for including oil depletion 
into a sustainable welfare measure. The depletion of oil is used as a case study of non- 
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renewable resources that can be depleted, but all the methods discussed could equally well 
be used for the accounting of other non-renewable resources (this demarcation is made due 
to the fact that even though the scope of empirical attempts varies, depletion of oil is a 
feature in most proposals). 
4.1 Non-renewable resources 
Natural resources are often divided into renewable and non-renewable resources. The 
main difference between the two is that non-renewable resources are exhaustible. Non- 
renewable resources are often defined as "Substances which have been built up or evolved 
in a geological time-span and cannot be replaced except over a similar time scale " 
(Porteus 1996). In this category fall, for example, copper, tin, gas, oil and coal. Due to 
their exhaustibility, there is only one way to maintain the stock of non-renewable 
resources intact - not to use them at all40. This is an unrealistic and drastic option, for 
which there are few advocates. 
Due to the exhaustibility of non-renewable natural capital, the analysis in the economic 
literature has been directed towards finding the best rate to liquidate the resource and how 
to invest the wealth acquired from the liquidation. "For non-renewable natural capital the 
question is not how to invest, but how to best liquidate the inventory, and what to do with 
the net wealth realised from that liquidation" (Daly 1996: 82). In fact, many 
environmental and resource economists have been concerned with trying to find the 
optimal depletion/extraction rate of non-renewable resources (Herfindahl & Kneese 1974, 
Dasgupta & Heal 1981, Pearce & Turner 1990, Perman et al 1996). Within this context 
one often refers to the Hotelling rule, which is an efficiency rule seen as a necessary 
condition for an optimal allocation of natural resources over time. The Hotelling rule 
states that: "The resource should be depleted in such a way that the growth of the (net) 
price of the extracted resource should equal the rate of discount " (Hotelling 1931). The 
optimal depletion rate will be reached if the resource price follows the interest rate, as the 
price will then be set so that the point when optimal depletion is reached, is also the time 
40 However, there are ways in which the rate of exhaustion can be slowed down, for example through 
recycling (where possible), more efficient use of the resource (for example through technological 
development) and decreasing consumption. 
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when the resource reaches its `choke price' (where there is no benefit in extracting the 
resource further). An optimal depletion rate is therefore a rate at which the net price rises 
at the same rate as the discount rate. The Hotelling rule has come to play an important role 
in the valuation process of non-renewable resources. This is mainly due to the 
simplifications that it has brought about allowing for the assumption that if increases in net 
prices are taking place at the rate of discount, the value of depletion could simply be 
calculated using the current net price. Thus the need for discounting, forecasting prices 
etc. is obviated. However, it must be noted that there has been little evidence that the 
resource price rises at a rate equal to the interest rate. Prices have, instead, had a tendency 
to fall, mainly due to emerging information about new (cheaper) extraction techniques and 
new resource discoveries (see also Farzin 1992). 
An increased interest in natural capital from for example ecological economists during the 
1980s and 1990s has led to a shift in interest in the natural capital concept from defining 
optimal depletion rate to defining conditions for sustainable economic behaviour. Inter- 
generational equity, defined for example as non-declining consumption between 
generations, is one such condition that interest has shifted towards. As highlighted in the 
previous chapters, it can be argued that income from human-made capital and renewable 
natural resources can be kept non-declining as long as the stock is maintained intact and 
replaced when worn out. In other words, the condition of maintaining consumption by 
maintaining the capital stock intact has to be reworked when taking non-renewable natural 
capital into account. The work on strong and weak sustainability has arisen from this 
dilemma (see chapter 1). 
One method suggested for maintaining the capital stock intact is to take the resource rents 
derived from the extraction of non-renewable natural resources and invest them into 
human-made capital. By doing this, a constant consumption stream (and hence inter- 
generational equity) can be achieved. This condition was suggested by Hartwick (1977), 
and has become known as Hartwick's savings rule. In fact, the rule suggests, "a constant 
consumption path is only possible if this negative investment [in non-renewable resources] 
is compensated by an equal positive investment in other capital stock" (Brekke 1997: 74). 
It should be noted that the rule requires investment to take place in another type of capital 
stock. This implies that substitution must be possible between the different types of 
capital. As highlighted in the previous chapter, a greater part of the literature on non- 
renewable natural capital during the 1990s has been focused on substitutability between 
natural and human-made capital and the degree of elasticity of the substitution. This is a 
direct result of the Hartwick rule. It should be noted that the practical implementation of 
the rule might be somewhat limited due to the assumptions and conditions made in the 
model (Perman ei al 1996, Asheim 1994, Brekke 1997). The Hartwick rule works in a 
simple economy, with zero or constant population growth, absence of technical progress 
and with an elasticity of substitution equal to or less than one. Further, the resources must 
be extracted in an efficient way (this implies that extraction must comply with the 
Hotelling rule). The Hartwick rule has become one way in which depletion of non- 
renewable capital is integrated into accounting frameworks. 
4.2 Accounting for depletion 
Non-renewable natural resources are not produced within the economic system and do not 
always fetch a market value, hence interest in accounting for them within national 
accounting frameworks has been limited. As highlighted in chapter 2, an example of this is 
that the 1968 version of the SNA did not include discoveries and depletion of non- 
renewable resources in the production accounts. In fact, within conventional accounting 
practices (SNA 1968), the resource rent from exploiting non-renewable natural resources 
is included in the accounts without acknowledging depletion of the resource - i. e. all of the 
resource rent is treated as income available for consumption. Ways in which this can be 
corrected have been suggested in the national accounting literature. Some have argued for 
the deduction of a capital allowance from GDP to account for the depletion of exhaustible 
resources (Hartwick 1990, Eisner 1988) - following the Hartwick rule. Most of the 
methods suggested treat natural resources as fixed capital and are based around the 
concept of rent. Hamilton (1994: 162) in his review of the green accounting literature 
concludes that for exhaustible natural resources, one of the adjustments to standard net 
national product (NNP) is to "deduct current resource rents". Treating natural resources as 
fixed capital means that the depletion adjustment will be made to the net domestic product 
(NDP). There have also been suggestions to treat natural resources as inventories; the 
adjustment will then be made to both GDP and NDP. 
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4.2.1 Rent 
Economic rent or just "rent" is a concept that has evolved from employment theories and 
is an "income received by the owner of a factor over and above the amount required to 
induce that owner to offer the factor for use" (Parkin 1990: 339). Applied to natural 
resources, rent could be defined as the part of the proceeds from the extraction of a 
resource that is unique to the resource. Rent for a natural resource is also sometimes 
referred to as resource rent, royalty, depletion premium or marginal user cost (Pearce & 
Turner 1990: 273). In fact, resource rent is supposed to identify the value the resource had 
'in the ground'. Since it can be difficult to identify the part of the market price that can be 
traced to the resource, the resource rent is often used as an approximation. The resource 
rent is often taken as the difference between the price and the cost of extraction of the 
natural resource and expressed as in equation 4-1 below (Pearce & Turner 1990). 
(4-1) R=P-C 
Where R is the resource rent, P is the market price and C is the cost of extraction. Cost of 
extraction could include the cost of labour, machinery, buildings and also a normal rate of 
return (which represents the proceeds that could be received if investing in an alternative 
market). 
Rent will differ over time as well as from resource to resource, and as with economic rent 
in other areas, it is the specific characteristics of the resource that makes up the rent. Born 
(1992) divides the resource rent into four parts, each of which explains part of the total 
rent. 
1. Hotelling rent (due to scarcity or exhaustibility) 
2. Ricardian rent (due to differential or varying quality) 
3. Locational rent (due to location that will affect transport etc. ) 
4. Price variation rent (due to unexpected price variation) 
Of these four components, it is the Hotelling rent that has received most interest when 
dealing with the depletion of non-renewable resources, as it reflects the scarcity and 
exhaustibility of the resources. The Hotelling rent is the "portion of profit that accrues to 
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extractive firms that are mining an exhaustible resource" (Hartwick & Hageman 
1993: 215). For a resource that is not exhaustible, the resource would be mined so that the 
marginal revenue equates to marginal costs. A non-renewable resource is, however, mined 
more slowly, which means that marginal revenue exceeds marginal cost - the difference is 
due to the exhaustibility of the resource - in other words the Hotelling rent. Rent can also 
arise due to an industry having a monopoly or oligopoly, so called monopoly and 
oligopoly rents. These rents do not exist due to the characteristic of the resource but due to 
the characteristic of the market and should therefore not be included in any calculation of a 
resource rent 
4.2.2 Non-renewable natural capital, resource rents and the SNA 
Repetto (1988: 107) argues that, "the concept of rent is central to natural resource 
valuation". In fact, the concept of rent is used in both estimating the stock and the 
depletion of non-renewable natural resources within the national accounting literature. The 
stock of non-renewable capital can either be derived by first estimating the physical stock 
and then assigning it a value, or by directly deriving the total value of the stock. Depletion 
of non-renewable resources is in turn either derived as a change.. in the stock value or by 
deriving the physical quantity and then assigning it a value. Various techniques, based on 
the concept of rent, to measure the value of the stock and/or depletion of non-renewable 
for integration in the national accounts have been suggested in the accounting literature. 
The three main approaches used in the empirical accounting literature are; the net present 
value method, the net rent method and the user cost method. In the first two methods, 
natural resources are treated as fixed capital, in the latter as inventories. 
4.2.3 The net present value method 
In those cases where non-renewable resources have a market, for example through the 
stock value of the firm owning the asset (for example the mine), the stock of natural 
resources can be calculated by using the market value or by an approximation of the 
market value. When no market value exists, the value could be estimated by using the sum 
of the present value of the expected net revenues from the stock. Hartwick & Hageman 
(1993: 214) refer to the latter method as the change in value method (CIV method). Born 
(1992) and (Vaze) 1996 refer to it as the net present value method. 
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In the net present value method, the value of the stock of non-renewable resources is 
estimated by calculating the present value of the anticipated stream of the net rents 
(revenues, prices) from the stock. These net rents are then discounted using a discount 
rate and an estimated life-time of the asset. Taking the difference of the value of the asset 
in the beginning and the end of the year derives depletion. If one prefers to work with unit 
values, the present value of the net rent per unit of natural resource can be calculated by 
dividing the total net present value by the stock of natural resources. The present value 
unit value can then be multiplied by the physical amount depleted in the year of interest. 
The stock and depletion can be expressed as equation 4-2 to 4-4 below (Hartwick & 
Hageman 1993: 214 and Vaze 1996). 
The value of the stock in year 1 (Vt): 
(4-2) V=+1 
l+r +2+...... 
+ 
1 )"R, 
+n l+r +'+ 
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Where Rt is the rent in year t, r is the interest rate, n+t is the lifetime of the asset stock. 
The value of the stock in year 2 (Vt+l): 
(4-3) V+ý = Rr+t + Rr+z + 
(1)2 
Rr+s + ...... +1 Rr, 
(I+r) 
l+r l+r 
Depletion (S) can then be written as the change in value between the stock in year I and 
stock in year 2. 
(4-4) 8, =V-V, +, =A l+rV+' 
Where St is the total depletion and the amount that should be deducted from the NDP to 
reflect the asset liquidation. The second expression on the right hand side is thus the 
present value of the change in the resource stock 
(estimated as the discounted value of all 
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the resource rents earned from the stock during its life-time). The value difference arises 
because the value of the reserve is raised as remaining reserves become less discounted. 
One obstacle to using the present value method is that there is a need for information not 
just about future prices but also future operating costs, production levels and interest rates, 
to be able to calculate the present value of the resource rent (Repetto 1988: 107). The life- 
time of the asset must also be available. The calculation using the net present value 
method attempts to reflect the real changes in non-renewable natural capital stock. 
Changes in preferences/tastes of consumers leading to price change and changes in interest 
can lead to not just physical but also value depreciation of the stock of non-renewable 
resources. Peskin (1991) and Peskin & Lutz (1989) suggests that both the physical and 
value depreciation should be accounted for in the depletion of non-renewable resources. If 
a forest is used for recreational services and for some reason the preferences of consumers 
have changed, and the area is no longer of interest as a recreational area. The forest has 
depreciated in value. If the same forest was to be used for timbering, and the trees were 
chopped down, it would be a physical depreciation. The actual change in value of the 
stock, could for example be calculated using the present value technique. 
(4-5) V-V; 
+, =8+G 
Where 5 is the physical depletion and G is the capital loss or gain. If G is a capital loss it 
will have a plus sign in front of it, if it is a capital gain it will have a minus sign. 
Another obstacle with the method can arise if the natural resource asset is not optimally 
used, as the value of a resource is less in this case. Hartwick & Hageman (1993) deal with 
this by assuming an optimal extraction rate. A further objection to the present value 
method is the use of discount rates, which for example Daly and Cobb (1989) argue 
against. Further, changes in price, interest rates etc cause value changes. The present value 
method is the method preferred within the 1993 version of the System of National 
Accounts. A number of national accounting bodies, such as the UK Office for National 
Statistics also prefer this method 
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4.2.4 The net rent method 
The net rent method (sometimes also referred to as the net price method or Hotelling rent 
method) could be said to be a simplified version of the present value method as it requires 
only current data on prices and costs (UN 1993b: 61). Neither the life-time of the resource 
nor the discount rate will influence the value of the net price, as it is assumed that the net 
price will rise at the rate of alternative investment and this rise will offset the discount rate. 
The method can be used both for estimating the stock values and for valuing the volume 
changes (depletion) of the natural asset. The physical quantity of the stock or the net 
depletion is valued as the net rent of the resources. The net rent is often defined as the 
market price (P) minus the cost (C), the latter including exploration costs and a normal 
rate of return of the invested produced capital. The net rent associated with depletion of 
non-renewable resources could be expressed as in Equation 4-6 below. 
(4-6) Net Rent = (P - C) * (Vt+l - Vt) =R*Q 
Where P is the market price, (C) is the cost and (Vt+l - Vt) is the physical change in the 
stock, which is equal to the quantity depleted (Q) and (R) is the resource rent. 
The most well known application of the net rent method is probably that of Repetto. 
Repetto et al (1989) developed resource accounts for Indonesia and used the net rent 
method to adjust the account for the natural asset liquidation. In their study, they defined 
the net price as the market price of all factor costs of extracting and bringing to sale minus 
the factor costs which included costs of developing, extracting, transferring etc. It is to be 
noted that this approach also included new discoveries in the calculations. The 
implications of including discoveries are discussed in section 4.5.4. 
To derive an adjusted net domestic product (NDP), the total annual net rent derived above 
is subtracted from the conventional NDP. Natural resources are integrated into the 
accounts. A problem here, however, is that the capital stock cannot be maintained intact by 
investing the depreciation allowance in the stock since non-renewable resources cannot 
regenerate and the investment must therefore take place in an alternative resource that can 
produce similar services 
117 
4.2.5 The user cost method 
Both the net rent and the present value method are based on the assumption that non- 
renewable resources are fixed capital and that depletion of the capital stock therefore 
should be treated in a similar fashion to the depreciation of human-made capital. El Serafy 
(1989) opposes this view, and argues that the natural capital stock should rather be treated 
as inventories or'working capital'. Depletion of natural capital should therefore be viewed 
as "inventories that are used up in the process of production " (1991: 247). The method El 
Serafy uses is often referred to as the User Cost Method. El Serafy (1989) stated two main 
reasons why natural capital should be treated as inventories rather than capital. Firstly, 
exploitable non-renewable capital has no specific life-span that can be applied to it, it has 
to all intents and purposes always existed. This makes it difficult to treat in the same 
manner as human-made capital i. e. as fixed capital stock. For example, the uncertainty of 
the life-span will make it difficult to calculate depreciation based on wear and tear during 
the life-span of the asset. Secondly, one of the pre-requisites for sustainability is that 
capital should be maintained intact. It is an impossibility to keep exploitable non- 
renewable capital intact if it is being exploited. Natural capital has many characteristics in 
common with inventories. Hence, natural capital is used up in the production process - just 
as inventories are. Human-made capital on the other hand is, in principle, not sold or 
traded (El Serafy, 1989). This makes the characteristics of natural capital more similar to 
inventories than to fixed capital. Inventories are also treated as gross income, which would 
mean that the use of natural capital would be registered both in GDP and NDP. El Serafy 
argues that this is an advantage since GDP is much more often referred to than NDP (El 
Serafy, 1989: 12-13). Another advantage of using natural capital as inventories is that the 
change in inventories can more easily be monitored, as it is directly observable. 
The User Cost method by El Serafy (1989) separates the income and cost part associated 
with the depletion of the natural resource by treating non-renewable resources in the same 
fashion as inventories. It does this by dividing up the net receipts" arising from the sale of 
the natural resource into two components -a user cost and a 'true' income part and 
thereafter correcting GDP. The true income part is the amount that is registered in the 
accounts as income while the user cost is the part of the proceeds, which is deducted from 
41 The receipts from sales is the difference between the market value and the extraction cost, hence another 
way of expressing rent. 
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the GDP and represents the depletion factor. This user cost part should be reinvested in 
human-made capital so that a constant flow of future income arises and thereby a 
sustainable income can be ensured. 
The ratio of the total receipts that are accounted for as income versus user cost (depletion) 
depends on the discount rate used and the expected life-time of the resource according to 
the following formula by El Serafy (1989): 
X1 
(4-7) R= 1- 
Where X= true income, R= total receipts42 (net of extraction costs), n= number of periods 
during which the resource is to be liquidated, r= discount rate43 
The income portion (X) of the total receipts is what should be registered as consumption 
while the user cost portion (R-X) should be deducted and invested so that a perpetual 
stream of income can be created in the future. The user cost or depletion factor (R-X) is 
what should be set aside as capital investment and totally excluded from GDP. When (n) is 
large, i. e. a large number of years that the resource will sustain (assuming a constant 
extraction rate), the true income part (X) will be high. If society put a high value on 
consumption possibilities of future generations and the discount rate is thus set at low 
levels, the true income part (X) will be low while the user cost (R-X) will be high. 
The user cost approach addresses two of the problems that have arisen with the 
depreciation methods (the present value method and the net rent method). Firstly, the 
depreciation method has been criticised as it only adjusts the net national product, while it 
is often the gross national product that is used in policy contexts. This is avoided in the 
user cost method, as it is based on the inventory method where both the GDP and NNP are 
corrected. The second criticism towards the depreciation method has arisen when a 
resource rich country with low extraction costs uses the method. In these circumstances 
the resource rents will be very close to the resource prices, due to the low extraction costs. 
42 Net receipts = gross revenue - purchase of current goods and services necessary for the extraction. 43 The following information is needed when calculating the user cost (El Serafy 1988: 253): The life 
expectancy of the reserves (at current extraction rates), the interest rate that will be earned on reinvesting the 
"user cost". El Serafy chose a discount rate of 5% as it was close to the classical economists' "natural rate 
of preference" (El Serafy 1989: 16). The higher the interest rate the stronger the time preference. 
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This means that the depletion adjustment of NDP will be high, as almost all of the income 
from the resource will be deducted as depletion costs. This in turn could reflect in an 
overall very low NDP in a country where most income arises from resource exploration. 
The user cost deals with this as the resource rent is divided into an income and capital 
portion, and hence the deduction will not be so large 
Two main difficulties with the user cost approach have, however, been identified. The first 
is that the life expectancy of the reserve must be known. If a constant exploration rate is 
assumed this could be calculated by dividing the yearly exploration by the stock of 
resources. However, then the stock of resources must be known, which often is not the 
case. The second problem is that the results are very sensitive to the chosen discount rate 
as well as the life expectancy, therefore these must be chosen carefully. 
One of the advantages with this method is, however, that there is no need to put a value on 
the stock or account for changes in the stock (El Serafy 1991). It can also be frequently 
adjusted, as it is flexible over the years. The user cost method has received a 
lot of 
recognition. For example Daly and Cobb saw it as the "best attempt, ..... to come to grips 
with the proper method of accounting for depletion of non-renewable capital" (Daly & 
Cobb 1994: 483). 
4.2.6 Discussion 
The three methods reviewed above - the net present value method, the net rent method and 
the user cost method - illustrate how the national accounts can be corrected to take into 
account the depletion of non-renewable resources. The main characteristics of these 
approaches are that they are used to correct the national accounts so that the whole of or 
part of the resource rent included as income in the account is treated as depletion of 
natural capital. If the user cost is used, depletion is deducted both from GDP and NDP. 
The estimated depletion variable is influenced by market price, extraction techniques and 
discount rates where movements are not always influenced by changes in the resource 
scarcity but influenced by external factors. Further, the depletion estimate is deducted 
from the NDP, which then could be interpreted as sustainable income. The Hartwick rule 
states that it is sufficient to invest the resource rent arising from depletion of non- 
renewable capital to achieve sustainable consumption. The investment could take place in 
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another type of capital stock, i. e. weak sustainability is assumed. However, as pointed out 
earlier, the practical application of this rule proved to be difficult. 
Some questions arise when dealing with the rent approach. For example, since rent is 
roughly defined as price minus extraction costs, what happens if the market price rises and 
the cost of extraction remains the same? Does this then mean that the resource is more 
valuable? This could be true if the rise in market price is due to higher demand. But then it 
reflects how the current generation values the resource, rather than the valuation of future 
generations. Further, if the market price dropped and extraction costs remained the same 
should the value of the resource suddenly drop? 
What would happen if the extraction costs differ from country to country (or over time) 
due to technological differences? Does this mean that a country with higher extraction 
costs, should `value' the resource less since the rent from the resource is less? Questions 
such as this, have led to other approaches being examined. One such method is the use of a 
replacement value, which is discussed in the next section. 
4.3 Replacement cost value and macro-economic indicators 
The growing interest in the interaction between the economy and the environment as 
reported in chapter 1, has not only led to the integration of environmental aspects into the 
national accounts but also a number of alternative measures have developed. As with the 
national accounts, the depletion of natural resources plays an important role in these 
measures. For example, in the ISEW methodology, depletion of non-renewable resources 
is considered "as a cost borne by future generations that should be subtracted from 
(debited to) the capital account of the present generation" (Daly & Cobb 1994: 482). 
Current welfare is adjusted for the reduction in the welfare of future generations caused by 
the depletion of the resource. The physical measure often used to describe depletion, is the 
reduction in the physical stock of the resource or the time scale of the remaining reserve. 
The Generational Environmental Debt (Jernelöv 1992) is an example of a measure, which 
takes into account the `damage' effect that the current generation's depletion of resources 
can have on future generations. Within these measures it is not just a matter of measuring 
the depletion of the natural resources stock but a matter of compensating future 
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generations for depleting the stock of resources. This follows the suggestions by El Serafy 
(1989) and his user cost where user cost should be set aside as capital investment and the 
Hartwick rule where resource rents should be invested to maintain the capital stock intact. 
The replacement cost approach, however, takes one step further by integrating the cost of 
replacing the depleted asset with renewable resources providing a similar sort of function. 
4.3.1 Replacement cost approach 
The objective of a replacement cost approach is to derive an estimate of what it would cost 
to replace the depleted asset. Drawing a parallel with human-made capital this could be 
similar to the valuation of stocks and depletion made by using the asset replacement value 
of insurance values (see Table 2.3 in chapter 2). The replacement cost approach is based 
on the same principle as the environmental function principle developed by Hueting et al 
(1992), that it is the environmental function of the resource that should be preserved. This 
means, that the cost of for example, depleting a non-renewable resource, could be 
estimated by the cost of restoring or compensating the function loss. By estimating the 
cost of replacing the depleted asset with a substitute, which produces the same or a similar 
service, the consumption possibilities of future generations can be ensured. In chapter 
three, the method with relation to climate change, was called the restoration method. 
There are several different ways in which a replacement value of a non-renewable 
resource can be estimated; by using the market value or an approximation thereof, by 
using the marginal discovery cost or by using the cost of replacing the depleted resource 
with a resource providing a similar service. It can be possible to approximate the market 
value of a non-renewable resource and use this as a replacement cost value. For example 
willingness to pay or accept methods or hedonic price methods could provide a 
hypothetical market price. Using the market value or hypothetical market value as a 
replacement value assumes that the market value represents the cost of replacing the 
resource. This means that it is the current generation's valuation that will be reflected in 
the depletion variable, which might not be the true value. Further, there are several 
inherent problems with these methodologies of deriving hypothetical market prices, which 
have led to a lot of criticism being directed towards these approaches (Foster 1997). 
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The marginal discovery cost of the resource has been suggested as a replacement cost 
value (Born 1992, [G] Atkinson 1995). The replacement cost value can through this 
method be the extraction and development cost or the finding cost for discovering the 
same type of resource. A marginal discovery cost is in fact seen as a rough estimate of the 
scarcity of the resource. The higher the cost - the scarcer the resource. This approach does 
not ensure that future generations will have the same access to the same type of service as 
the current generation. It will, however, ensure that enough is set aside so that further 
depletion of the resource can take place. 
The cost of replacing the depleted resource with a renewable resource can also be used as 
an estimate of the replacement value of the depleted resource (e. g. Hueting 1991). The 
replacement resource should be able to produce the same future income stream (service) as 
the depleted non-renewable resources could have done. Using this method would ensure 
that future generations have access to the same service that the current generation has. 
However, a problem with this method is that it can be difficult to judge what an 
appropriate replacement resource could be and what the cost of development of this 
resource might be. Oil, for example, which today is used mainly for energy consumption 
could be replaced with investment in biomass or other alternative energy sources. 
However, future generations might use oil for other purposes than energy consumption, 
which might be highly valued and could not be `replaced' with non-renewable resources. 
In other words, the preferences of future generations are difficult to judge. Further, the 
development of the cost of replacing the resource is changing over time. For example, it is 
often stated that the cost of renewable resources will fall as more demand leads to better 
and cheaper technologies. However, at the same time many of the renewable energy 
sources might be competing with other resources. For example the use of biomass might 
be competing for land with food crops, which will lead to an increase in land prices and 
hence increases in the renewable energy costs and food crops. There are a number of 
renewable energy sources, which could be used to replace non-renewable energy. The 
viability and costs of these resources not only varies from a geographical perspective but 
also from an intra-generational perspective. Today, about 20% of the world's electricity 
production comes from renewable energy, and it has been estimated that by 2020 it could 
make up 40% (ETSU 1994). As the performance of the different renewable technologies 
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all react differently to different scenarios, it is difficult to assess their viability as a 
collective technique, but it is better to evaluate them individually (ETSU 1994). 
An advantage of using the replacement cost method to derive the depletion estimate is that 
the method signals a strong sustainability perspective where the natural capital stock 
should be preserved. This is particularly useful when adjusting sustainable welfare 
indexes. As said earlier, for non-renewable resources it is not possible to preserve the 
stock intact if it is used, but it is possible to invest in a capital resource, which provides a 
similar service. 
A problem that can arise when using the replacement cost method is that since investments 
are made in renewable energy the energy costs, through the cost of technology can be 
falling due to the scale and development effect. Using the cost of renewable energy as a 
replacement value for example for oil when the price of renewable energy is falling would 
lead to a lower and lower value for oil. This despite the fact that oil is being depleted. Care 
must therefore be taken that the replacement value does not send the wrong signals. It 
should also be noted, that the marginal cost of renewable energy can still increase despite 
the fall in cost of technology due to the fact that for example the best sites for wind power 
has already been exploited, the use of land for growing biomass starts to compete with for 
example the use of land for food production etc. 
4.4 Illustrative empirical accounting attempts 
Some empirical attempts have been made to account for the depletion of non-renewable 
capital and/or the stock of non-renewable capital. These attempts have focused on 
adjusting current economic accounts, wealth accounts or integrating a depletion variable 
into sustainable welfare index. In Table 4.1 below, some of the attempts that have been 
made are listed. 
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Author Methods used Place/time period 
Vaze (1996) The use of the present value-, user cost- and the UK 1980 -1994 
net rent method to adjust the UK national 
accounts. 
Repetto et al (1989) The use of the net rent method to adjust the Indonesia 
Indonesian national accounts. 1970-1984 
Daly & Cobb (1989) The use of a replacement cost method to adjust USA 1950-1989 
the ISEW. 
Nordhaus (1992) The use of the net price method to adjust the USA 1950-1986 
national accounts in the USA. 
Born (1992) The use of the present value-, net rent- and the Alberta 1969-1990 
replacement cost method to adjust the national 
accounts in Alberta, Canada. 
Table 4-1: Examples of empirical attempts to account for depletion of oil 
These illustrative empirical studies are reviewed below in order to assess the methods as 
well as to highlight critical issues. 
4.4.1 United Kingdom Environmental National Accounts (UKENA) 
A good example of how national statistical offices are approaching the issue of depletion 
is an attempt by Vaze (1996) at the UK Office for National Statistics (ONS). Vaze 
attempted to integrate the depletion and the stock of non-renewable resources into the 
existing UK national accounting framework. Vaze analysed how the UK could follow the 
recommendations made in the SEEA (UN 1993b) and thus take depletion into account. By 
using oil and gas resources in the UK 1980-1994 as examples, Vaze suggests an 
appropriate methodology. The basis of his studies was that oil and gas resource rents are 
treated as income in the conventional accounts (these rents are registered in the Brown 
book (DTI)), and the need for correction for the depletion variable44. Vaze (1996) 
reviewed some of the main conceptual issues surrounding depletion of oil and gas, and 
applied the net rent method, the present value method and the user cost method. 
To calculate the depletion allowance using the net rent method, the resource rent per unit 
is multiplied by the changes in the volume of proven reserves. The changes in reserves 
44 The rent is calculated as follows: Total Rent = Revenue earned in oil industry - (operating cost + rate of 
return on fixed capital). By dividing total rent by total tonnes of oil extracted (as reported by industry), the 
value per tonne of oil depleted can be derived. 
4 
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include both depletion and new discoveries. This means that, in the case where discoveries 
are higher than depletion, the adjustment will have a positive impact on overall national 
income. In the present value method, which is the method preferred by the ONS, income 
is adjusted by multiplying net depletion by the present value of the unit rental. Vaze does 
not include new discoveries in this method. The user cost method gives the lowest impact 
on the overall income of the three methods. The total net receipts of the rental stream and 
the social discount rate are kept constant. The `true income' part grows with higher life 
expectancy and with higher rate of discount. All three methods are strongly influenced by 
the assumptions made about reserves and discount rates. Vaze (1996) therefore performed 
sensitivity analyses on these variables, testing different discount rates and different 
assumptions regarding the reserve. Figure 4-1 and 4-2 shows the depletion allowance in 
the UK 1980-1994, using the different methods listed above. The data is taken from Vaze 
(1996). 
Figure 4-1: Oil depletion estimate in the UK using present value method and the user cost 
method. 
Source: Vaze (1996) 
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Figure 4-2: Oil depletion estimate in the UK using net present value method. 
Source: Vaze (1996) 
The first main observation made when examining Figure 4-1 and 4-2, is the dramatic 
change in the depletion allowance calculated by using the net price method. The main 
reason for these changes is the inclusion of discoveries. In 1983-85, the discoveries were 
higher than the depletion rate, which in the Figure resulted in the Net Price line showing 
negative values. This highlights the controversy of whether or not discoveries should be 
included. This will be further discussed in section 4.5.3. Another observation is the 
tendency of the value calculated by all methods to go towards zero in the end of the 1980s. 
This trend occurs because all methods are based on the oil price, which during this time 
was falling while the extraction costs were kept fairly stable. This illustrates the main 
`problem' with these methods, their linkage to the oil price. 
4.4.2 Repetto 
Repetto et al (1989) in their study of natural resource accounting for Indonesia examined 
among other factors the depletion of petroleum in Indonesia over the period of 1970-1984. 
They used the net rent (price) method, defined as market price minus all factor costs of 
extraction and transport to the point of sale. They dismissed the present value method as it 
demanded estimates of variables too difficult to find (such as recoverable reserves, 
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production costs, future output prices, interest rates). In Figure 4.3 below rent, price and 
cost per barrel of oil in US$ are reproduced. 
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Figure 4-3: Depletion of petroleum resources in Indonesia. Oil price, extraction cost and rent in M. 
Source: Repetto et al (1986) 
Figure 4-3 illustrates the problem with depletion methods linked to the market price. As 
can be seen resource rents follow the market price closely, the gap between the two 
increasing slightly over the years as a result of increasing production costs. The levelling 
out of production costs in 1982 is probably connected with increased efficiency as a result 
of the oil crisis. 
4.4.3 Index of Sustainable Economic Welfare (ISEW) 
Daly & Cobb included depletion of non-renewable resources in their ISEW45 as they 
"consider the depletion of non-renewable resources as costs borne by future generations 
that should be subtracted from (debited to) the capital account of the present generation" 
(Daly & Cobb 1989). This means that they subtracted a value representing the cost of 
depleting non-renewable resources from the ISEW. They focused on non-renewable 
45 The way in which ISEW is constructed will not be discussed here as it is well explained in for example 
Daly & Cobb 1989 & 1994, Jackson & Marks 1994 and Jackson et al 1997. 
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energy resources such as coal, oil, natural gas and nuclear power, leaving out metals and 
other non-energy non-renewable resources. Nuclear power is included in the same way as 
oil, gas and coal, to reflect the costs of the potential risk of using nuclear power. 
In order to find a method that would adequately reflect the costs to future generations due 
to depletion of non-renewable resources, several different methods are examined, both in 
the first version of the US-ISEW (Daly & Cobb 1989) and in the updated version (Cobb & 
Cobb 1994). Daly and Cobb wanted to find "an estimate of the amount that would need to 
be set aside in a perpetual stream to compensate for the loss of services from non- 
renewable energy resources" (Daly & Cobb 1989). The best attempt at doing this, they 
argue, was the user cost approach by El Serafy. However, there were several problems 
with this method, which resulted in them choosing a simpler method in their original 
index. One problem was the difficulty in calculating the number of years to exhaustion of 
the resource (n), as it will depend on the amount available as well as exogenous variables 
such as the extraction costs. This can lead to the situation where the scarcer the resource, 
the less is set aside for investment. Another problem was that the methods were based on 
the assumption that the price of non-renewable resources will remain constant in relation 
to the general price level, an assumption that could be questioned. As a result of rising 
resource prices, the amount set aside to maintain a permanent income stream in El 
Serafy's model should be some portion of the future price of extracted minerals, not the 
current price. Otherwise the income stream would pay for more in the future than in 
present, thus violating the principal of creating an equal increase in each time period. 
Finally it is not clear how the R value from existing revenues should be calculated. 
A simpler method chosen was based on the total value of mineral production. The total 
value of mineral production was simply subtracted from the ISEW. They argued that this 
was in line with their belief that a discount rate of 0% should be used, leading to 100% of 
the receipts being set aside regardless of life expectancy. Further, El Serafy's formula 
reduces to the total value of mineral production when the interest rate is set to 0% (Daly & 
Cobb 1989). Daly and Cobb were not totally satisfied with this approach, nevertheless 
they "regard the issue of resource depletion as too important to ignore" (Daly & Cobb 
1989). 
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In the revised ISEW (Daly & Cobb 1994) the method was changed, both as a response to 
the criticism towards the earlier method, and due to their own dissatisfaction. In the 
update, the calculation was based on the replacement cost method. Daly & Cobb defined 
the replacement cost method as an "estimate [of] the amount of money that would have 
had to be spent in each year to replace the amount of resources extracted (produced) in 
that year". This value is achieved by multiplying the total barrel of oil equivalents 
consumed, by a replacement cost value for non-renewable resources. Daly and Cobb chose 
a value of $75 in constant nominal 1988 dollars ($26.50 in 1972 constant dollars). This 
value was assumed to increase by about 3% per year, to account for the increasing cost of 
supplying each marginal unit of energy. The differences between the two different 
approaches used in the US ISEW are illustrated in Figure 4-4. 
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Figure 4-4: Depletion of non-renewable in US-ISEW; a comparison of approaches 
Source: Adapted from Daly & Cobb (1989) and Cobb & Cobb (1994) 
The Daly & Cobb approach to depletion raises several conceptually important issues and 
questions. The first is the underlying reason for taking depletion into account. The 
emphasis is on the current generation taking into account the effect that depletion can have 
on future generations. In the other methods described, the emphasis has been on correcting 
the national accounts. Further, the method raises questions about discounting, whether or 
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not a replacement value changes with time and if so how and why, what should be used as 
a physical basis and also whether or not discoveries should be taken into account. 
4.4.4 Nordhaus 
Nordhaus (1992) criticised Daly & Cobb's (1989) original method of including depletion 
of non-renewable resources (based on the total value of mineral production). Nordhaus 
was not satisfied with this approach, and suggested another way of treating depletable 
resources. He followed the net price approach, in so much as he multiplied the change in 
the physical quantity of the resource by its shadow price (which is an estimate of the price 
of the resource estimated by Nordhaus 1979). However, he emphasises that for each type 
and grade of resource, a different shadow price must be set (to avoid, for example, 
Ricardian rent) (Nordhaus 1992: 31). 
The physical basis focuses on three components: the consumption of proven reserves, the 
conversion of unproven resources into proven reserves and depleting unproven resources. 
This means, that if the conversion is large enough, there will not be any negative impact 
from the depletion. Nordhaus used the shadow price per barrel of oil from proven reserves 
of $1.98 in 1972 dollars and for unproven reserves he used the shadow price of $0.46 also 
in 1972 dollars. Using these he estimated, the total cost of oil depletion in 1950 was $0.60 
billion, in 1965 $ -0.70 billion and in 1986 $ -1.79 billion (Nordhaus, 1992 table 2). As 
can be seen the total oil depletion in 1950 is positive, while in 1965 and 1986 it is 
negative. This illustrates that the discoveries were higher than the depletion rate in 1950. 
This can be compared with Daly & Cobb's estimate for total depletion in 1986 of $29.7 bn 
($1972). As can be seen, Nordhaus and Daly & Cobb's figures differ in magnitude. This is 
both due to the lower cost rate used, and also due to the inclusion of discoveries. The 
Nordhaus attempt highlights the importance of using different costs for different types and 
grades of resource. However, establishing such estimates can be a difficult process. 
4.4.5 Born 
Born (1992) attempts to value the oil reserves and the depletion of the oil reserves in 
Alberta, Canada. Her work is part of the development of natural resource accounting in 
Canada and provides a good discussion of some methodological and empirical results on 
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the accounting of reserves and depletion of oil and natural gas resources. Born tests three 
different ways of valuing oil reserves; the net price method, the net present value method 
and the replacement cost method. 
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Figure 4-5: Total value of oil reserves in Alberta (Canada) 1963-1989 according to Born 1992. 
Source: Adapted from Bom (1992) 
In Figure 4-5 the value of oil reserves in Alberta, from 1963 to 1989 is shown. The value 
is expressed in millions of Canadian dollars. Repl cost = Replacement value approach, NP 
= Net price (net rent) method, PV= Present value method. 
The net price method is calculated by deducting the operating costs, return on capital and 
depreciation charges from the revenue. The net price is then multiplied by the stock of oil 
reserves at the end of the year. The present value method is calculated by discounting the 
expected future income flow generated by the asset (discounted at real long-term corporate 
bond rates based). The replacement cost value is based on the cost of replacing the 
resource with the same resource, and the cost therefore is calculated by adding the 
exploration and development expenditures and land bonuses. 
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What is of main interest here, is the conclusion that Born draws from using these methods. 
The net price method, Born argues, tends to overestimate future production in the 1980s. 
This can be seen from the Figure above, where NPI gives the three highest peaks in the 
1980s. The overestimation is mainly due to the decrease in price in 1986 and the increase 
in extraction costs. The net present value approach, on the other hand, is very sensitive to 
the assumptions made, in particular regarding the discount rate. The curve based on the 
replacement cost approach, which uses the exploration and development costs as an 
estimate of the replacement value, has a similar shape to the curves based on the net price 
and present value method. Born does not draw any specific conclusions regarding the 
replacement cost value, but it can be pointed out that using the cost of exploration and 
development as a replacement value will capture the current replacement cost but not loss 
of income experienced by future generations. 
The same pattern arises in this study as in the other ones based on economic rent. It can be 
seen that the depletion value varies with the price of oil. It is interesting to note that the 
replacement value approach also seems to follow this development. The replacement cost 
is different from the one used in ISEW, as it is based on replacing the depleted asset with 
the same type of asset, in other words it is based on the extraction and development cost. 
The exploration cost rose rapidly up until 1981 when it stabilised and then decreased. The 
decrease in costs can be a result of cost-cutting efforts in order to keep the profits when the 
oil prices where decreasing. 
4.5 Depletion of non-renewable resources in sustainable 
welfare indexes. 
In Figure 4-6, two attempts to take depletion of oil into account are compared. The first 
attempt is taken from the inclusion of depletion in the ISEW methodology, where the 
physical depletion is determined by consumption and valued with a replacement value. 
The other attempt is that of Vaze (1996) who uses the net present value method to value 
the physical depletion of oil as reported by industry. The Figure clearly highlights the 
different results arising from the different approaches, in particular from 1986 and 
onwards. 
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Figure 4-6: Comparison of the value of oil depletion as calculated in the UK-ISEW using the 
replacement cost value and by ONS (Vane 1996) using the net present value. 
Source: Adapted from Jackson et a! (1996) and Vaze (1996) 
In fact the two methods follow each other quite closely up until about year 1985/86. One 
explanation for their departure is that in 1986 there was a big drop in the market value of 
oil, which led to the net present value also dropping. This drop in the oil price (it almost 
halved) was not directly linked to a decreased resource scarcity, but to the monopoly and 
oligopoly market that existed within the oil industry. Alongside the drop in the market 
price, the replacement cost value increased over time. The reason for this is partly due to 
increased energy consumption but also due to the assumption about increased cost of 
replacing depleted non-renewable resources with renewable resources. The choice of the 
replacement cost value and its change over time, are discussed below. Thereafter other 
variables that can help to explain the different results in Figure 4-6, such as growth rate of 
the valuation estimate and the physical basis, are discussed and analysed. 
4.5.1 Replacement cost values 
The replacement value suggested in the original US-ISEW and used in several other ISEW 
studies was $75 (in 1988 $) per barrel of oil equivalents. This value has been criticised as 
being too high ([G] Atkinson 1995, Mishan 1994) and for not being grounded in empirical 
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work. Since the idea behind using a replacement value approach to value depletion of non- 
renewable resources is supported in this thesis, some alternative replacement values are 
analysed and discussed. Different ways in which a replacement value of a nonn-renewable 
resource can be estimated, were presented in section 4.3.1 
A replacement cost value for non-renewable natural resources could be the cost of 
replacing the depleted resource with a renewable substitute. Finding such a replacement 
value could, however, be difficult for a number of reasons. There are often large 
uncertainties with technological developments, which can influence the viability and the 
cost of renewable resources. Further, the development of other markets competing with 
the renewable resource (such as land, which is used both for food production and biomass 
production), can influence the cost. A third reason is the difficulty in estimating the 
potential for renewable resources, which in turn could determine the production cost. An 
example of this is that in 1992, renewable energy made up only 1% of the total electricity 
production in the UK (total electricity production was about 300TWh/year). According to 
ETSU (1994), the total accessible renewable resource could be about 1100 TWh/year. In 
other words, the renewable energy technologies cover more than three times current 
electricity production. However, this is under the assumption that all `accessible resources' 
are used as a description of resources available for exploitation, where only so called 
primary constraints are considered. For wind power, this would mean assuming wind 
farms could be situated on every suitable location, ignoring other external factors and 
constraints such as regulations and sociological and environmental factors. The figures for 
the `Maximum Practicable Resources' (MPR), where these constraints are taken into 
account, are lower. Using MPR almost 160 TWh/year could be covered by renewable 
energy in year 2005 (for a cost lower than lOp/KWh at 8% discount rate), and in 2025 this 
figure would have risen to about 400 TWh/year. The two first columns in Table 4-2 below 
show the marginal cost of producing electricity with a combination of renewable resources 
under the `maximum practicable resource' scenario in 2005 and 2025 (discount rate 8%). 
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Year 2005 Year 2025 
TWh 
/year 
pence/ 
kWh 
£/barrcl of oil 
equivalent 
E92 £90 
Line in 
figure 4.7 
TWh/ 
year 
pence/ 
kWh 
£/barrel of oil 
equivalent 
£92 £90 
20 3 16.4 14.7 d 50 2.9 15.8 14.2 
60 4 21.8 19.7 e 150 3.9 21.3 19.2 
100 4.6 25.1 22.6 f 300 7 38.2 34.4 
140 5.5 30 27 400 8.9 48.6 43.7 
Table 4-2: Cost for producing electricity per kWh and per barrel of oil equivalent from non- 
renewable resources in 2005 and 2025. 
Source: Adapted from ETSU (1994) 
The electricity production in kWh has been converted to barrel of oil equivalents by using 
the following conversion factors: 1* 107 tonnes of oil produces about 4* 109 kWh of 
electricity in a modern power station. This means that 1 tonne of oil produces about 4000 
kWh of electricity. 1 tonne of oil is about 7.33 barrels of oil. 1 barrel of oil therefore 
produces about 546 kWh. If the kWh price was I pence, this would mean that 1 barrel of 
oil would be valued 546 pence or £5.46. The price per barrel of oil using the kWh price of 
3 pence/kWh as in the Table 4-2, the £/barrel of oil equivalent would be about £16.4. This 
conversion information comes from Appendices in the BP statistical review of World 
energy (BP 1995). 
The marginal cost of producing electricity from renewable energy varies with time and 
with TWh produced per year. The ETSU estimates of the marginal cost of producing 
electricity from renewable energy sources have been used as a rough estimate of the 
replacement cost value of the depletion of non-renewable resources. The cost estimate in 
pence per kWh has been converted to £/barrel of oil equivalent to be able to compare 
directly with the market price of oil and the replacement value suggested by Daly & Cobb. 
I barrel of oil produces about 546 kWh of electricity. If the cost of producing 1 kWh is 3 
pence, the value of a barrel of oil using the cost as an estimate is £16.4. By using these 
estimates, the cost of depleting oil could be approximated to the cost if it were to be 
replaced with renewable energy. As the different renewable resources react differently to 
different scenarios, the ETSU study decided to treat each renewable resource separately 
rather than trying to find an estimate of the collective costs of replacing non-renewable 
with renewable. This makes it more difficult to decide what replacement value to use. 
Further, the cost of renewable energy resources is assumed to decrease with time, due to 
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reasons stated previously in this section. However, as also pointed out previously even 
though the cost of technology might fall, the MSC might rise as can be seen in Table 4-2. 
Due to the unpredictable development in the costs of producing energy from renewable 
resources, the recommended value will not be based on the estimated cost of producing 
renewable energy. Both too high and too low an estimated cost, could send the wrong 
signals. 
Figure 4-7 illustrates examples of alternative replacement cost values. Line (a) represents 
the original replacement cost value of $75 converted to £ per barrel in 1990 pounds, which 
is equal to £49 per barrel. The highest market price that a barrel of oil has fetched was 
£48.14 in 1981 (equivalent to £39.54 in £1990), this value is displayed in line (b). The 
actual oil price in 1988, was $14.61 (equivalent to £9.52 in £1990) displayed in line (c). 
The market value could be used as an indicator of the replacement value, as discussed in 
section 4.3.1. Below, the highest noted market price for oil is used as a suggestion for a 
replacement cost value. The main reason for using this value is that it reflects the current 
valuation of the resource, whilst following the precautionary principle. Further, this 
estimate also closely reflects the cost for using only non-renewable resources in 2025 to 
produce electricity of a total of 300TWh/year, which reflects the current total electricity 
production in the UK. Curves d, e, f and g are the replacement values as reported in Table 
4-2. 
To derive the total depletion value, the different replacement cost values have been 
multiplied by the depletion rate (calculated using the consumption of barrels of oil). A 
growth rate of 3% in the replacement cost value has been assumed in all the cases. See 
Appendix 5 for data. 
137 
As can be seen from Figure 4-7 if the actual oil price in 1988 is used as a replacement cost 
value (line c), the value of depletion of oil would be considerably less than the original 
ISEW calculation. However, as it is likely that oil prices fluctuate over the years (as can be 
seen in historical trends of oil prices) the highest oil price, which has been registered is 
also shown (line b). Using this price, there is not much difference between the original 
replacement value and the highest replacement value. When comparing the above 
replacement cost per barrel or oil, with the costs of renewable energy (estimated as above), 
it can be seen that the costs for producing renewable energy are much lower. Some of the 
technologies are today almost competitive with energy produced from non-renewable 
energy (Jackson 1997). 
4.5.2 Growth rates 
The price and the extraction cost and thus rent, change over time as a result of the scarcity 
of the resource. Often, as said above, this change is assumed to comply with the Hotelling 
rule. The growth rate in replacement value is, however, different. Daly & Cobb assumed 
that the replacement value increased at a rate of 3% from the 1988 value. They admit that 
this figure is partly arbitrary, but refer to the increase in drilling costs as an example of 
how the cost of exploration increases over time, and argue that this principle would 
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Figure 4-7: Sensitivity analysis of replacement cost value in the UK ISEW 
presumably apply to renewable resources as well. The use of an increasing replacement 
value for renewable substitutes can seem to go against the more common view that 
technological development and economies of scale contribute to falling costs of replacing 
depleted non-renewable resources with renewable resources. However, a counterfactor to 
the falling costs is the impact that increased use of renewable energy might have on other 
factors in the economy, which can lead to increased costs. First of all, we are looking at a 
system that would have to change the whole energy production from being based on non- 
renewable resources to renewable resources. The cost estimates available usually only 
give estimates of a scenario of replacing part of the system. Further, the costs for many 
renewable energy resources are likely to increase after a certain threshold (determined by 
when they start competing with other resources). For example, biomass production starts 
to compete with food production, which will increase land prices. Therefore, Daly & Cobb 
argue, an annual increase of 3% is not an exaggeration. Of course, any estimate of rate of 
growth in price and the price level in itself, is bound to give rise to different viewpoints, as 
the historical development of prices has been very volatile. 
Using the same reasoning as Daly & Cobb (1989) where the cost of renewables follows 
the development of the cost of non-renewable, the growth rate would increase over the 
studied time period. For comparative purposes it can be pointed out that the annual growth 
rate in real oil domestic purchase price between 1977-1997 was about 2%. The average 
production cost of oil in Indonesia between 1970-1984, rose according to the study by 
Repetto (1989) by about 14%, which gives an annual growth rate of about 1%. The rise in 
oil price during the same period was about 15%. 
However, analysing the development of the cost of producing for example electricity from 
renewable resources, another aspect of the growth rate can be observed. By examining the 
ETSU data displayed in Table 4-2 above, it can be noted that there are two factors that 
determine the marginal cost of producing energy. Firstly the scenario year and secondly 
the amount of kWh produced. The first factor leads to a decrease in price due to for 
example technological development. The second factor leads to increase in price. 
Hohmeyer (1992) reviewed the cost of energy from wind power in Germany over the 
period 1980-2030 in pfennig 1982. Between 1980 and 86, the cost fell by an average of 
almost 13% per year, between 1986 and 1990 it fell by 6.5%. The projected decrease in 
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cost between 1990 to 2000 is about 2.1% and in the following decade the annual decrease 
is predicted to be about 1.7% and between 2010 and 2030 the estimate is about 1%. The 
annual average decrease in cost between 1980-1997 is 3.3%. As can be seen, the cost is 
decreasing but with a diminishing rate. In addition to this, if renewable resources are to 
replace all current non-renewable resources, an increase in cost may well occur. 
In Figure 4-8, a sensitivity analysis of the depletion estimate of oil using different growth 
rates in the replacement value is displayed (data in Appendix 5). Curve a represents the 
estimate made by Daly & Cobb of a 3% increase in the replacement value. Curve b 
represents a growth rate in the replacement cost of 2 %, curve ca growth rate of 1% and 
curve d, a growth rate of 0%. Further, an estimate of a falling replacement cost is also 
made. The replacement cost estimate used was a 1992 value. From 1992 -1996, the 
estimate by Hohmeyer of the development of the cost of wind energy is used which is a 
decrease of 2.1%. Between 1980-1992, it is assumed that the cost had been falling at a rate 
of about 10%, also based on Hohmeyer figures. Before 1980, it is assumed that the 
production cost had been fairly stable (growth rate of 0%), as the technological 
development during this time had not led to any substantial decreases in cost of 
production. As can be noted, the assumption made about the growth rate of the 
replacement value will have quite an impact on the yearly values. The higher the growth 
rate, relative to the 1988 value, the lower the pre-1988 replacement value and the higher 
the post-1988 values. 
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Figure 4-8: Oil depletion in the UK 1950-1996, a sensitivity analysis of growth rate in 
replacement cost value. 
Which growth rate to use is difficult to judge. On the one hand, the cost of renewable 
energy sources has fallen dramatically since they were first introduced. The development 
will, however, depend on a number of factors listed earlier. Looking at the prices of oil for 
an indication of how prices can change over time, it can be seen that these prices change 
dramatically and are influenced by many more variables than the cost of extracting the 
resource from the ground. There are several reasons for choosing a replacement value that 
is higher than the actual price of non-renewable resources (Jackson et al 1997, Cobb & 
Cobb, 1994). These were discussed in section 4.5.1. 
4.5.3 Physical basis 
The depletion value as proposed by Vaze (1996) and Jackson et al (1997) are based on 
different physical values. Vaze (1996) used the rate of depletion of oil resources as 
reported by the extractor (industry). Jackson et al (1997) based their estimate on oil as 
used in energy consumption. The difference between these two estimates is shown in the 
Figure 4-9 below and in Appendix 6. Both estimates have been converted to million 
tonnes of oil egivalent. 
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Figure 4-9: Comparison of physical basis in million tonnes of oil eqivalent; as reported by industry or 
based on energy consumption 
The physical oil depletion, as reported by the industry, is the amount of oil that the 
industry has extracted during the year. The oil is then either used for domestic purposes 
(heating, plastic production etc) or for export. By using this physical basis, it is the 
depletion of domestic oil resources (extracted in the UK) that is taken into account. This is 
in line with the accounting principles in the SNA. As can be seen from the Figure, the 
extraction of oil in the UK has varied quite dramatically over the 14-year time period 
shown above. Discoveries are not taken into account in the above Figure. The main 
negative effect of using domestic extraction of oil as an estimate of the depletion of oil is 
that it does not reflect the use of the oil resource. By applying a physical estimate, which is 
based on consumption of oil rather than extraction, the use of the resource rather than the 
extraction of the resource can be reflected. This is the technique used in the UK ISEW, 
where Jackson et al base their calculation on energy consumption (as this is the largest use 
of oil resources in the UK). Using figures based on energy consumption46 means that it is 
not the extraction of oil in the country but the consumption of oil that is taken into 
account. In Appendix 6, the physical basis for depletion as used in the Vaze study and in 
the UK-ISEW study are shown. In most open countries, the extraction rate will differ from 
the consumption rate, as in some countries oil is being exported and in other countries it is 
46 1 tonne of oil = 7.4 barrels of oil. 
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being imported. However, basing the estimate on energy consumption ignores the use of 
oil for other purposes such as in plastics. 
To test the impact of the different physical values, scenario analysis has been performed 
on both the depletion component its calculated in the ISEW (Jackson et al 1997) and in the 
UKENA (Vaze 1996). In Figure 4.10 below, curves (a) and (b), represent the original 
calculation of the value of oil depletion in the Vaze study and Jackson et al respectively. 
Curve (b), represents the ONS unit rental value multiplied by the yearly depletion of 
tonnes of oil as reported by industry. Curve (a), represents the original UK-ISEW 
calculation using consumption of tonnes of oil used in energy consumption as the physical 
basis multiplied by the replacement cost value. 
In curves (c) and (d), the physical basis of the ONS and ISEW study are changed. In curve 
(c), the ONS unit rental value is multiplied by the yearly consumption of tonnes of oil as 
listed in the UK-ISEW. For curve (d), the replacement value of $75 in the ISEW is kept, 
but the physical basis is changed to the physical oil depletion as reported by industry 
(Vaze 1996). The underlying data for the graph can be found in Appendix 6. 
Figure 4-10: Sensitivity analysis of physical values 
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a: ISEW original replacement value * tonnes of oil used in energy consumption (original) 
b: DNS original unit value * depletion as reported by industry (original) 
c: ONS original unit value * tonnes of oil used in energy consumption 
d: ISEW original replacement value * depletion as reported by industry 
As can be seen from Figure 4-10, the physical value used will have an impact on the size 
of the depletion component. As the unit rental cost used in the ONS study falls in the end 
of the 1980s, the choice of the physical variable will have less impact (see line b and c 
from 1988 and onwards) in this study. If in the ISEW study, the extraction of oil is used as 
a physical basis, the negative impact on the ISEW index will be much higher. The choice 
of domestic extraction of oil resources or the 'usage ' of oil (here defined as consumption) 
are both valid techniques. The choice between the two, should depend on whether you 
take the view that it is the country's own domestic resources of natural capital that impact 
on the consumption possibilities of future generations, or if it is the world stock of 
resources. These issues are extensively discussed in the literature on trade and the 
environment ([G] Atkinson 1997). However, it should be noted that trade is not the only 
variable that leads to the difference between extraction and consumption, there are also 
losses due to for example non-energy usage of the resources. 
By referring back to Figure 4-6, where the ONS and the ISEW methodology were 
compared, it can be noted that the difference in the physical value does not explain the 
difference between the two, instead it increases the difference in impact of depletion. The 
choice of the physical value must be based on a judgement of whether it is the domestic or 
the national impacts that should be taken into account. 
4.5.4 Accounting for discoveries 
An issue related to the physical basis, is how discoveries of new resources should be taken 
into account. It is a fact that the stock of oil changes due to new discoveries of or due to 
greater accessibility as new techniques develop. McKelevey (1972) presented in chapter 2 
has laid out the conventional guidelines on what should be treated as reserves and 
discoveries. One view in the accounting literature is that discoveries should be taken into 
account as they represent 'income'. The other view is that discoveries should be excluded, 
as the resource is not created in the economic system, just discovered. 
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Repetto et al (1989) suggested that all discoveries of non-renewable resources should be 
treated as income. The argument for treating discoveries as income is that through the 
discovery the resource is less scarce and thus the discovery should be seen as an addition 
to the stock of natural resources. In this case, if enough discoveries are made in one year, 
it can lead to the depletion variable being totally cancelled out, and the total contribution 
to income is positive. This was also the result in the Repetto et al (1989) study. 
An example of the result of taking depletion into account can be seen when looking at 
Vaze's use of the net rent method for the UK 1980-1994. This study shows that in a 
number of years, the discoveries (including revision of existing reserves) were 
substantially higher than the annual extraction (depletion) of oil reserves. The net price 
method therefore leads to the depletion allowance actually being positive in several of the 
years. This is illustrated in Figure 4-11. The solid bars represent the physical depletion of 
oil in the UK as reported by the industry. The transparent bars represent the discoveries in 
various years. 
Figure 4-11: Discoveries and depletion of non-renewable resources in the UK 1980-1992 in million 
tonnes of oil. 
Source: Vaze (1996) 
As can be seen the depletion has been fairly constant, with some increase in the middle of 
the 1980s and in the beginning of the 1990s. The discoveries are mainly positive, 
representing new finds or the possibility due to new techniques of classifying known 
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resources as proven reserves. In some years, the discoveries are negative, and this depends 
on the revision of existing reserves. If the second view were adopted, that discoveries are 
not made in the system, just discovered and therefore should not be included, there would 
never be a case with a positive depletion allowance. 
4.6 Recommended method for including oil depletion 
The use of non-renewable resources clearly affects the production and consumption 
possibilities of future generations. It is therefore important to reflect the impact that 
current economic activity has on the stock of natural resources. 
The method suggested in the national accounting literature is to treat the resource rent 
derived from the natural resource exploitation in the same way as depreciation of human- 
made capital. That is, to deduct the resource rent from GDP representing the depletion of 
the natural capital stock. The resource rent could then be invested in other capital 
resources, so that the consumption and production possibilities from the total capital stock 
remain intact (the Hartwick rule). In Figure 4-12, the solid bars represent the amount of 
resource rent from depleting oil resources in the UK from 1979-1993. See Appendix 6 for 
the data. The figures are taken from Vaze (1996), and the present value method has been 
used to derive the resource rent. 
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Figure 4-12: Suggested inclusion of oil depletion in the UK-ISEW (per capita in £1990) 
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As can clearly be seen by looking at the bars, the amount to be deducted from the GDP 
will vary greatly over the years. As pointed out previously, this variation is not due to a 
decrease in the depletion rate of oil but a result of varying oil prices and exploration costs. 
Using the rent method does not ensure that future generations have the same consumption 
or production possibilities as the current generation. Replacing the depleted non-renewable 
resource could, however, contribute towards ensuring this. Daly & Cobb used this 
argument when integrating depletion into the ISEW. The broken line in the Figure above 
illustrates the method used in the revised ISEW methodology and followed in Jackson & 
Marks (1994). As can be seen, the Daly & Cobb method and the rent method result in a 
similar depletion estimate only in one year (1984). The solid line in Figure 4-12 is the 
amount that is here proposed to be deducted from a sustainable welfare index in the UK, 
representing the cost of depleting oil. A 1990 replacement cost value of £39.50 per barrel 
of oil has been applied to the physical basis of annual consumption of barrels of oil. The 
replacement value is assumed to grow at a rate of 2% per year. 
4.7 Summary and discussion 
Non-renewable natural resources have long been treated as 'free gifts of nature' and as 
such distorted signals have been sent out to policymakers through the conventional 
accounting frameworks where depletion of natural resources has long been ignored. By 
failing to take depletion into account, the economic growth of a country as indicated for 
example by the NDP, can be illusionary in the respect that asset liquidation is registered as 
income. Therefore, suggestions have been made in the accounting literature of ways in 
which depletion of non-renewable resources can be integrated into the national accounts. 
In this chapter, the integration of depletion of non-renewable natural capital into 
accounting frameworks and sustainable welfare measures has been discussed and 
analysed. It has been argued that the conceptual idea behind Daly & Cobb's replacement 
cost method is sound. Therefore, this thesis recommends that the main ideas of this 
method be followed. There are, however, some problems with Daly & Cobb's approach. 
Therefore the assumptions behind it have been tested and evaluated along with some of 
the criticism that has been directed towards the method and other methods used in 
accounting for depletion of non-renewable resources. Despite the conceptual differences 
that exist when integrating depletion of non-renewable resources into the national accounts 
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and in sustainable welfare indexes, many of the factors forming the basis for the 
accounting measures are common. Those highlighted in this chapter are listed below. 
Physical basis The physical basis for yearly depletion should reflect the real depletion of the 
resource as far as possible. Two alternatives have been reviewed: 
Basing it on the depletion of the stock as reported as 'extracted' by industry. 
Basing it on the consumption of barrels of oil (in different sectors). The latter is 
preferred when deriving long-term time series, as data is readily available. 
Monetary value When integrating depletion into economic accounting procedures or measures, the 
common denominator is a monetary value. The value recommended is one based 
on replacement cost. The reason being that this value does not merely represent the 
market value and extraction cost of the resource, but the actual cost of replacing it. 
Growth rate of It has been argued that the monetary value of a resource should change over time. 
monetary value It is suggested that the same growth rate as the growth rate in the price of the non- 
renewable resource should be used. In this case it is a growth rate of 2%. 
Discoveries It is suggested that, discoveries not be included in the ISEW. Non-renewable 
resources cannot be renewed, and it would therefore be wrong to give that 
impression in an accounting framework. 
4 
These variables should be considered when taking depletion into account, irrespective of 
the method used. 
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5. Intra-generational equity 
f 
"And money is like muck, not good except it be spread" 
Francis Bacon (essay: Of Seditions and Troubles) 
Thus far, inter-generational equity i. e. equity between generations has received the 
majority of attention when dealing with sustainability. There is, however, another aspect 
of equity that is of importance for the well-being and sustainability of society - intra- 
generational equity - i. e. equity within a generation. This equity dimension is well 
recognised within economic theory and, is argued in this thesis, to be an important factor 
in sustainable development. Intra-generational equity°' is here defined as the distribution 
of resources within a generation. The distributed resources could include anything from 
natural resources to social, material and financial resources. 
Even though intra-generational equity has been an important variable in economic 
analysis, it has rarely been integrated into welfare measures. This has led to welfare 
concepts ignoring the impact that the degree of inequalities can have on overall social 
welfare. The aim of this chapter is to examine how to integrate the distributional aspects 
into a sustainable welfare measure. There are several obstacles that are at present 
hindering such integration, for example the complex relationship between distribution 
and sustainable welfare and the lack of methods for integration. These obstacles will 
be discussed and analysed. Further, suggestions for how to integrate intra-generational 
equity into a sustainable welfare measure are made. 
The underlying working hypothesis of this thesis, is that it is not just the level of 
economic, natural, human and social resources that influences overall welfare, but also 
their distribution. In a sustainable welfare index, it is consequently important to take into 
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account both the level and the distribution of these resources. To be able to do this, it is 
necessary to understand the complex relationship between distribution and sustainable 
welfare. The objective of this chapter has been to attempt to `map out' the distribution of #f 
economic, environmental and human resources and their relationship to sustainable 
welfare in order to understand this relationship. When dealing with intra-generational 
equity, the main focus has been on the distribution of income, where income is seen as a 
means to purchase goods and services. Hence this research utilises the distribution of 
income as a framework for the analysis of intra-generational equity, but adopts a broad 
approach to distribution. 
The chapter is outlined as follows: The link between income distribution and sustainable 
welfare is described in section 5.1. In the second part (5.2), the links between the 
distribution of environmental variables and sustainable welfare and the link between the 
distribution of income and its impact on the environment are analysed. In section 5.3, the 
links between the distribution of human capital (e. g. health) and sustainable welfare and 
the link between distribution of income and its impact on human capital are discussed and 
analysed. Different methods for how to take income distribution into account, and how to 
integrate the distribution of environmental, human and economic resources are analysed in 
section 5.4. Finally, in section 5.5 a discussion and summary are made. Much of the work 
presented here is based on Stymne & Jackson (2000). 
5.1 Income, income distribution and sustainable welfare 
The level of income and welfare are closely related, since income provides for 
consumption possibilities. Therefore, many measures of welfare are based on income or 
consumption. Examples of consumption based welfare measures are the Measure of 
Economic Welfare (Nordhaus & Tobin 1972), the Index of Sustainable Economic Welfare 
(Daly & Cobb 1989), and the Welfare Indicator (R: rmose Jensen & Mollgaard 1995). The 
" Equity is one definition of "distributive fairness" which is based on the utilitarian belief system. Other 
ways of interpreting fairness could be from an equality view, which can be said to be based on the Rawlsian 
belief system where everyone should be made as equal as possible, A third way of interpreting distributive 
fairness is based on the Libertarian system, where the need of the human being is in focus, such as inclusion 
of basic needs and rights (Lence et al 1997). In this thesis the concept of equity is used to describe 
distributive fairness. 
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level of income is often argued to be related to welfare with a diminishing utility, where an 
increase in income leads to an increase in welfare but at a diminishing rate. 
40 
The relationship between income, consumption and welfare might not be as 
straightforward as one first might think, since it is not always the case that increased 
material consumption leads to higher welfare i. e. not all consumption creates welfare. The 
expenditure caused, for example by car accidents (such as material damage and health 
costs) raises national income, but the accident does not contribute to actual welfare. 
Further, an equal amount of income yields different consumption levels depending on 
where it is spent. For example urban citizens often find that their income provides them 
with less consumption than their rural neighbours (Daly & Cobb 1989). There are also a 
number of so called external or side effects arising from an increase in income or 
consumption, which can have negative or positive impacts on for example the 
environment or human resources. The distribution of income can also influence the 
welfare effect of income. The reasons for the latter are illustrated below. 
The relationship between the distribution of income and sustainable welfare can best be 
illustrated by examining why most economies and political parties strive for a more 
equally distributed income and what theoretical arguments about the relationship have 
been put forward in the literature. The main reasons given in the literature for why income 
inequalities do have an impact on welfare are: 
Firstly, there are preferences for equality in most societies, i. e. a society with less 
inequality is preferred to one with higher inequality. Therefore, most societies strive 
for a more equally distributed income. There are, however, different views on what the 
right level of equality for a society is48. Some countries might emphasise redistribution 
" What is a fair distribution? (Le Grand et al 1976: 190) 
The minimum standard approach - which is concerned only with the poor in the society and argues that 
nobody's income should fall below a certain minimum level; 
The total equality approach - which argues that everyone should have the same income, i. e. the bottom 
10% of the population should receive 10% of the income; 
Need or desert approach - which accepts inequalities either on the grounds that some people need more 
income or because people deserve more due to own effort, sacrifice, intelligence etc. 
Equality of opportunity or procedural approach - inequality accepted if everyone has had the same 
opportunity, or if the distribution is a result of a fair process. 
The social justice approach introduced by John Rawls, is what Le Grand refers to as a 'combined approach', 
in which inequalities are only justified to the extent that they benefit the least advantaged. 
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to the poorest people in society, while others strive for total equality. But most of the 
time, the general assumption made is that people strive for more equality. 
  Secondly, the marginal utility of income is not constant (as the utilitarian economists 
implicitly argue), but it is diminishing. It is on the basis of consumption theory, where 
it has been shown that individual consumption of a good/service is diminishing with 
income, that it has been argued that marginal utility of income is diminishing 
(Bängman 1997: 62). The utility of £1 is higher for a poor person than for a rich 
person. Hence, it can be argued that income (utility, welfare) should be weighted with 
a distributional index to take into account the welfare implications of this diminishing 
marginal utility. This would also suggest that a transfer from a rich person to a poor 
person decreases inequalities in a society, and thus raises overall social welfare. Dalton 
(1920) pointed out that all inequality measures should have this characteristic, i. e. that 
a transfer from a rich person to a poor person should always reduce the value of the 
inequality index49. 
"A third motive for not treating welfare and distribution as two separate issues, is the 
efficiency and equity trade off. The question that has often been discussed in 
economic literature, is whether there is a trade off between economic efficiency (e. g. 
higher national income) and equity (a more equally distributed income). The 
conventional view has been that striving for income equality slows down economic 
growth. Several arguments are given for this. Firstly, it is argued that higher equality 
will lead to less incentive to work and less incentive to be productive (this is related to 
the impact of tax rates, and is only one of many incentive effects). It has also been 
argued that higher equality can lead to a reduction in domestic savings and hence a 
reduction in growth. This argument is based on the assumption that rich people have a 
higher marginal propensity to save (Klasen 1994: 255). In recent years, however, the 
issue of the relationship between growth and income inequality has been turned on its 
head. Income equality is now being advanced by some as a promoter of growth 
(Persson & Tabellini 1994, Perotti 1993, Alesina & Rodrick 1994, Benabou 1996). In 
these studies, it has been argued that pre-tax income equality could dampen the 
49 This has become known as the Pigou-Dalton criterion (Sen 1997). 
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demand for redistribution policy (financed by taxes) and hence enhances investment, 
education and R&D. The relationship between equity and efficiency will therefore be 
of importance for the overall outcome of social welfare. 
" Finally, what are here called side-effects from income inequality can arise. The 
distribution of income can namely have a negative or positive effect on other resources 
in the economy, such as environmental and human resources. For example, an unequal 
distribution of income can lead to so called social stress (Wilkinson 1996, Fritzell & 
Lundberg 1995), which will have a negative impact on the overall social welfare. 
Another important relationship is the one between income distribution and the 
environment. It has been suggested that a more equitable distribution of income leads 
to improvements in the environment. 
To sum up, the relationship between the distribution of income and sustainable welfare 
could be said to be influenced by the preferences for equality in society, the diminishing 
marginal utility of income, the trade-off between equity and efficiency, and finally the 
side-effects. 
Despite the above links between income distribution and welfare, the income 
distributional issue has mainly been treated separately from welfare in economic analysis. 
Why is this? One of the reasons can lie in the welfare economist's reluctance to develop 
methods to integrate the two. This stems from the problems and normative value 
judgements needed in integrating welfare as an efficiency concept and distribution as an 
equity concept. When taking the distributional issue into account, it is impossible not to 
get involved in the ethics and values that lie behind. This is what many welfare economists 
have tried to avoid, as will be clear from the description below of the ways in which 
distributional issues have been treated in welfare economics. 
Firstly, the utilitarian economist neglected the distributional aspect by striving to 
maximise the total sum of utility, ignoring the individual level of utility. Militarism 
initiated by Bentham (1879) measures social welfare in the form of individual utilities. 
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Individual utilities are in turn measured in cardinal terms5° and society's welfare is 
measured as the sum of utilities. One problem with the utilitarian approach, from a 
distributional perspective, is that by focusing on the total sum of individual utilities, it 
ignores the effect on single individual utility (Sen 1997: 18). Hence, as the goal is to 
maximise welfare, the income will be distributed so that the marginal utility of income is 
constant. If everyone has the same utility function, this will lead to an egalitarian 
distribution. However, as Sen (1997: 16) points out, it is not likely that everyone will have 
the same utility function, and in such a case income inequalities can be worsened. Sen 
(1997) illustrated this by an example where income was divided equally between two 
people, where one person enjoyed a lower utility of his income (he is `inefficient' in 
turning income into utility). To maximise the total sum of utility, the person with the 
higher marginal utility would be given a higher income than the one with the lower utility. 
In fact, this could mean a transfer from the `inefficient' person to the `efficient' person, 
just to maximise total utility. The level of utility of the poor person is in fact ignored. So, 
the main deficiency of the utilitarian view, from a distributional perspective, is that it sums 
the total individual utilities without taking into account the individual distributions. 
Further, the utilitarian approach uses exclusively the utilities of income as a basis for 
welfare, ignoring other welfare enhancing variables (Sen 1997: 112). 
'Modern welfare economics' developed about the same time as utilitarism, arguing that 
utilities are neither cardinal nor interpersonally comparable. This meant that the utilitarian 
framework was no longer applicable in addressing the equity and efficiency issue. Instead 
the framework of Pareto optimality was used, which in effect led to cutting out the need 
for making distributional judgements. A Pareto solution was found for each possible 
distribution. A Pareto optimal situation exists when it is not possible to make anyone 
better off without at the same time making someone worse off. With a given income, this 
means that it is not possible to redistribute income to the poor if this at the same time 
makes the rich `worse off, even if the overall welfare level is improved. The Pareto 
criterion is therefore a concept that guarantees optimal welfare at a given distribution. A 
Pareto efficient solution exists for each possible income distribution, but the problem lies 
so Cardinal utility means that the difference in utility in ranked goods are known, as opposed to ordinal 
utility where it is not possible to say how much the utility differs, only that the good with highest utility is 
ranked above the good with the next highest utility. 
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in that there is no room for making interpersonal comparisons, and thus no way of ranking 
the different Pareto optimal solutions. In effect this means that "Pareto optimal 
allocations are silent over the questions of distribution" (Jha et al 1998: 47). So, the main 
deficiency of the Pareto approach when dealing with the efficiency-equity problem was 
that there was no way to tell which Pareto optimal situation was the `best' (there was one 
for each distribution). This is because it was not possible to make an interpersonal 
judgement and only ordinal ranking was used. 
As a response to the above, there have been attempts to go beyond Pareto optimality to 
deal with the distributional issue. A number of different Social Welfare Functions (SWF) 
have developed (Sen 1997: 7). In the original SWF (Bergsonian SWF), welfare was a 
function of the levels of utilities in society. As there were a number of different Pareto 
optimal solutions (one for every income distribution), the purpose of the Bergsonian SWF 
was to find the Pareto efficient solution that gave maximum utility (Bängman 1997). Sen 
(1997: 8) writes that the "main object of the social welfare function is to take us beyond 
this limited concept [Pareto optimality] by ranking all the Pareto optimal states vis-ä-vis 
each other". However, as these social welfare functions were based on `new welfare 
economics' there was no way of valuing the different Pareto-optimal states, because its 
"concentration on individual orderings only (without any use of interpersonal 
comparisons of levels and intensities) fails to provide a framework for distributional 
discussion "(Sen 1997: 23). The Bergsonian SWF made it possible to rank the different 
Pareto optimal states, but not to indicate which one was preferable. However, by taking 
into account the fact that the utility function was concave, i. e. diminishing with respect to 
income, part of the problem was solved. By using welfare weighting, it could be ensured 
that the higher a person's income, the lower the social weight attached to his income 
would be, i. e. that the utility function was concave. The distributional judgement is thus 
integrated into the social welfare function. However, another problem then arises: How 
large should these welfare weightings be and how should they differ among individuals? 
This is determined by the elasticity of the marginal utility function. However, the 
determination of the value of elasticity cannot be made without making a value judgement. 
This value could be set by the government, observed by an economist or derived directly 
from public attitudes. However, it will involve inter-personal comparisons, which the new 
welfare economics wanted to avoid. As will be seen later in this chapter, in the empirical 
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application of social welfare functions there have been some attempts to explicitly include 
different values. 
5.1.1 Discussion 
This section has tried to map out the relationship between income distribution and 
sustainable welfare. The relationship between the level of income and its effect on welfare 
is well documented in the literature, and the level of income is often equated with the level 
of welfare. The effect that income can indirectly have on welfare, through other variables 
such as the environment and . human capital, is also being increasingly recognised. 
However, the link between the distribution of income and its effect on welfare has not 
received the same attention. By examining the reasons why income distribution is one of 
the main concerns of society, the reasons why income distribution should be treated as an 
integral part of a social or sustainable welfare index have been listed (preferences for 
equality, diminishing marginal utility of income, efficiency and equity trade off and side- 
effects). However, despite these issues, the economic profession has treated the income 
distribution issue separately from indexes of welfare. The reasons for this were also listed 
in the above section. It was concluded that there are strong reasons for integrating the 
welfare effect of income distribution in a sustainability index. 
5.2 Environment, environmental equity and sustainable welfare 
Economic activity has an impact on the environment, in the form of environmental 
degradation, depletion of natural resources, environmental risk etc. Since these factors 
seldom attract a market value, they are not included in the traditional measures of 
economic activity. In a measure of sustainable welfare, however, the impact that economic 
activity has on the environment is taken into account. But, the intra-generational 
distribution of these impacts is usually not considered. Here it is argued, that this aspect is 
of importance for the sustainability of the economy, and should therefore be taken into 
account. 
The linkages between the environment, intra-generational equity and sustainable welfare 
are complex. Causalities can take place in several directions. In Figure 5-1 below, an 
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attempt has been made to illustrate the main linkages between the environment, intra- 
generational equity and sustainable welfare. 
Environment la, lb Income 
2a 3b 
Distribution of the 2b 
Distribution of 
income 
Environment 3a 00. 
Figure 5-1: Link between income, environment and distribution 
The relationships mapped out above are the following 
1) Income and the environment 
a) The level of income and the environment 
b) Poverty and the environment 
The relationship between the level of economic activity (income) and the impact it will 
have on the environment (environmental quality, depletion etc) has received a lot of 
attention in the literature. A related relationship is the link between the presence of poverty 
and the environment, where poverty has often been argued to be a reason for 
environmental degradation. It is important to understand these relationships when 
analysing the intra-generational aspects. However, the main emphasis in this chapter will 
be on the next two relationships, namely the relationship between income inequality and 
environment and between environmental inequality and sustainable welfare. 
2) Income inequality and the environment 
a) Distribution of income and the environment 
b) Distribution of income and the distribution of the environment 
The second relationship is that between income distribution and the environment. In the 
previous section, it was pointed out that the distribution of income could lead to side 
effects, influencing for example the level of environmental quality. Hence, an increased 
income inequality can have greater or smaller negative impact on sustainable welfare than 
first expected, due to its effect on the environment. The degree of income distribution can 
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also influence the redistribution of environmental variables (such as the distribution of 
pollution), for example through the price mechanism. Both of these relationships are 
firmly based in the argument that the distribution of income influences the distribution of 
power, which in turn can influence the level as well as the distribution of environmental 
variables. 
3) Environmental equity and sustainable welfare 
a) The distribution of the environment and distribution of income 
b) The distribution of the environment and the level of income 
The third relationship is that between the distribution of environmental variables and both 
the distribution and level of income and hence sustainable welfare. The relationships 
between environment and inequalities have been discussed in the environmental justice 
literature (for example in Dobson 1998, Hird & Reese 1998, US Environmental Protection 
Agency 1992). An unequal distribution of environmental variables can lead to a higher 
negative impact on sustainable welfare than an equal distribution. The main link that is of 
interest is that between the distribution of environmental variables and the distribution of 
income. How do these variables interrelate? Further, does the distribution of 
environmental variables influence the overall level of income? 
The above linkages are discussed in more detail below. 
5.2.1 Level of income and the environment 
One of the central questions in environmental economics has been that of the relationship 
between economic growth (increased level of income) and the environment. Questions 
such as: What is the relationship? How can the environment be taken into account? How 
can resources be allocated efficiently? have been asked. Many would agree that certain 
trends of economic behaviour have a negative environmental impact. As economic activity 
increases, so does the pressure on the environment due to increased resource use, 
increased degradation and increased waste. The link between income and environmental 
degradation has often been referred to as the scale effect (Grossman & Krueger 1995), 
where greater output creates more pollution. However, the relationship is not clear-cut. It 
has, for example, been suggested that economic growth leads to environmental 
improvements. The hypothesis that has been put forward is that the relationship between 
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increased per capita income and improved environmental quality is one of an inverted U- 
shape. This means that when income has reached a certain level, the environmental quality 
improves with increased income. This hypothesis has been explained through the use of an 
environmental Kuznets curve (for a discussion, see the special issue of Ecological 
Economics volume 25. No. 2 1998). The concept of a Kuznets curve originated from 
Kuznets (1955), who argued that the relationship between distribution of income and 
economic growth is one of an inverted U-shape. In the special issue of Ecological 
Economics, contributions neither confirm nor deny the hypothesis of the existence of an 
Environmental Kuznets Curve (Rothman & Bruyn 1998: 1145), instead they highlight 
some deficiencies with the approach and suggest some improvements. One of the main 
problems with the Environmental Kuznets curve is that it has been interpreted as meaning 
that economic growth can be the solution to environmental problems, which can send the 
wrong message to policy makers (Rothman & Bruyn 1998: 1145). The inverse relationship 
between income and environmental degradation has often been explained by the 
composition and technological effect (Grossman & Krueger 1995), where the composition 
effect is created by a shift in output (for example towards the less polluting service 
industry) and the technology effect is created through the implementation and 
development of cleaner production technologies. 
Another relationship between the level of income and the environment is the link between 
poverty and the environment. The link has been addressed implicitly and explicitly in 
development economics. Several hypotheses have been put forward in the literature. One 
hypothesis is that poverty causes environmental degradation and depletion of resources 
(Markandya 1998, Boyce et al 1999). The argument behind this is that poor people often 
do not have the choice of using a sustainable resource. In order to satisfy their daily needs 
(food, shelter and warmth) they might be forced to misuse the environment. Poor people 
are also more likely to be dependent on natural resources and often live in ecologically 
sensitive areas. This means that the impact of their use might be higher than for a rich 
person. Secondly, poverty can lead to population growth, which causes more stress on the 
environment. Since population growth causes even more stress on the environment, larger 
families are needed to achieve the same welfare (Dasgupta 1995). A larger family can be 
seen as `security' in a poor environment. A vicious circle has been created. It has, 
however, been shown that education, increased agricultural jobs, increased nutrition and 
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civil liberties can lead to fertility rate decline (Dasgupta 1995). Studies of the link between 
poverty and environmental degradation, however, show contradicting results (Jaganathan 
1989, Duraippah 1996, Mink 1993). The main reason for this is that the relationship is 
complex, and there are other socio-economic and demographic variables that will 
influence the relationship. 
Most hypotheses of the relationship between the level of income and the environment 
seem to be based on the assumption that poor and rich people behave differently with 
regard to the environment. In Table 4-2, some of the main variables that can be affected by 
the level of income and that can in turn affect the environment are shown (Boyce 1994, 
Martinez-Alier 1995, Ruintenbeek 1996, Markandya 1998, Torras & Boyce 1998, Boyce 
et al 1999). 
Variables I Effect 
Investment The higher the income, the higher the marginal propensity to save. It could therefore 
be argued that increased income and a high proportion of rich people would 
contribute positively to sustainability, as more investments in future generations will 
be made. 
Consumption The higher the consumption, the higher the environmental impact. It can therefore be 
argued that the higher the level of income and the higher the share of rich people, the 
higher the environmental impact. 
Values Rich people can `afford' to be concerned about the environment, while poor people 
will have to satisfy more basic needs such as food and shelter, before the 
environment can become a priority. The level of income will also determine the 
monetary value of the environment, if neo-classical contingent valuation systems are 
used. 
Power The level of income is closely related to power. The higher the level of income, the 
greater the possibility to influence social institutions and the political process and 
hence national environmental policies and strategies 
Mobility The mobility rate can increase with income. The mobility rate for those of higher 
incomes is higher than those with lower incomes. This means that increased 
pollution or degradation will not pose such a high risk factor to rich people as to 
poor people, who cannot move away from the problem. 
Awareness The level of income can be related to level of awareness. Income level influences 
access to better education, therefore high earners should be more aware of the 
environmental consequences of their actions and be able to make informed 
decisions. 
Table 5-1: Variables affecting the level of income and thereby the environmental impact 
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Several of the variables in Table 5-1, such as mobility rate, valuation and power, will also 
influence who suffers most from environmental degradation, the poor or the rich. This will 
be further explored later in this chapter. 
5.2.2 Income inequality and the environment 
From the above, it is clear that the level of income affects the environment, but does the 
distribution of income affect the environment? As will be shown below, there is a link 
between the distribution of income and the environment. This is what was above termed 
the side-effect from inequality. In the literature, the link between income inequality and 
environmental degradation seems to be based on the hypothesis that `a more equitable 
distribution of income will lead to an improvement in environmental quality'. For 
example, Boyce (1994) and Torras & Boyce (1998) argued that it is not only the absolute 
level of income that will influence the degree of environmental degradation, but also the 
gap in income between the poor and the rich. Their analysis was based on what they call a 
`power function', where the main variable was an income inequality variable (but also 
included literacy variables", political rights & civil liberties and some other factors - 
mainly geographical). The hypothesis that they tested was that "a more equitable 
distribution of power contributes to improvements in environmental quality". They tested 
this hypothesis by relating this power function to seven different environmental factors. 
The result supported the hypothesis that the greater the `power' inequality - the more 
pollution. The empirical work was particularly supportive of this relationship in low- 
income countries. 
So how does the difference in income (and subsequently power) between rich and poor 
influence the level of environmental quality? In a situation where there are benefits as well 
as costs of environmental degradation, the extent of the degradation will depend on who is 
the most powerful (the winner or the loser). The greater the income inequalities in society, 
the greater the difference in power between the different groups in society, and the greater 
the possibility is that those with power will be able to influence who is affected and the 
extent of the degradation. If it is the rich that will benefit from environmental degradation, 
51 Which brings greater access to information and information is related to power. 
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it is likely that there will be higher environmental degradation (which will also affect the 
poor), since the difference in distribution leads to some groups in society not having the 
power to counteract the costs. 
Boyce (1994) also finds that political and economic inequality can undermine the 
legitimacy of the powerful and therefore there is a higher risk, which leads to a higher rate 
of environmental time preference. The higher the time preference, the greater the weight is 
put on the present. As noted earlier, poorer people can have a higher environmental time 
preference than the rich, as they are more concerned with day-to-day survival than future 
environmental degradation. However, if it is true, as Boyce argues, that inequality can 
influence the time preference of the rich, this means that the rich might extract profits 
today even if it is at the expense of future environmental degradation. However, not 
everyone supports this hypothesis. For example Scruggs (1998: 260), questions Boyce's 
result arguing that "equality and sustainability are not necessarily linked, except under 
particular (and potentially alterable) circumstances". He argues that the equality 
hypothesis fails, as firstly, the preferences for environmental degradation are not likely to 
follow the structure of the distribution of income, i. e. some rich people will have 
preferences for environmental degradation and some poor people will have it too and vice 
versa. As there are a number of stakeholders involved under a range of different social 
institutions, the social choice about environmental degradation is made at many levels in 
society. Further, his empirical analysis points towards economic equality and democracy 
being unable to explain variations in environmental quality. 
The empirical evidence for the direct relationship between the distribution of income and 
the level of environmental variables is scarce. For policymakers, however, it is an 
important link that should be carefully examined when addressing distributional issues in 
society. 
Another reason why the gap between poor and rich, rather than the absolute level of 
incomes can influence the environmental degradation, is that greater inequality raises the 
benefits to the rich relative to the costs of the poor. This is based on the assumption that 
environmental degradation is valued in willingness to pay - which is related to ability to 
pay - and therefore income will affect the valuation of the costs and benefits. This price 
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mechanism could also lead to a situation where it is seen as cheaper to pollute the poor. 
This also contributes to environmental equity. 
5.2.3 Environmental equity and sustainable welfare. 
Above it has been shown that the distribution of income can influence the level and the 
distribution of environmental variables. In this section, the way in which the distribution 
of environmental variables can influence sustainable welfare will be analysed. The 
distribution of environmental variables and factors, such as environmental degradation, 
risk, benefits and cost, has become a concern for society. The heart of the concern stems 
from the question of who bears the costs and benefits (physical and/or financial) of 
environmental actions. Are the costs and benefits equally distributed, or does a bias exist 
in the distribution? These concerns have been expressed as environmental equity. The 
issue of environmental equity has in particular been the focus of empirical and theoretical 
environmental justice and environmental racism literature in the USA since the 1970s 
(Dobson 1998, Hird & Reese 1998, US Environmental Protection Agency 1992). The 
underlying theme of this literature is the hypothesis that the siting of, for example 
hazardous waste sites, landfills, incinerators and polluting industries is often confined to 
areas inhabited by ethnic minorities and poor people. The environmental justice literature 
argues that minorities of this kind are vulnerable, as they have no `power' to fight back, in 
fear of for example job losses and economic survival. Some studies have also shown that, 
the poor are most affected by water shortages (Kadekodi (in Duraippah 1996)), the 
greatest cost of fuel wood scarcity is for the poor (Kumar & Hotchkiss 1988), and as noted 
in previous sections, the rich can have a higher mobility rate, which means that they can 
move to other areas and the rich can also afford to find solutions to cope with 
environmental degradation. 
Much of the literature in this area provides `snap shot' studies analysing the existence of 
environmental inequity (and environmental racism). The studies usually examine the 
relationship between a number of demographic and environmental variables. The results 
are conflicting; some indicating a strong relationship between the different demographic 
variables studied, others are inconclusive and some even show a negative relationship. 
Figure 5-2 below shows some of the demographic variables that have been suggested as 
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determining the distribution of environmental variables (from the environmental justice 
literature). 
Demographic variables: 
- Race and Ethnicity 
- Household income 
- Population density 
- Dwelling values 
- Urbanisation variables 
Distribution of environmental variables: 
- Environmental quality 
- Pollution levels 
- Environmental risk 
- Penalties for environmental protection 
- Environmental benefits 
Figure 5-2: Demographic variables influencing the distribution of environmental variables 
In the left-hand column, the demographic variables are listed, while the environmental 
variables that they have been used to explain are listed in the right-hand column. As will 
be shown below, the studies that have analysed the above relationships sometimes show 
contradictory results, but most studies seem to support the view that environmental 
inequity exists, at least in the USA where the majority of studies were carried out. The 
studies examined in this report are only those, which analyse the distribution of 
environmental variables by household income. This is not to say that other variables, such 
as race, are unimportant. 
5.2.4 Does environmental inequity exist? 
Income inequality is well recorded in economic literature and in economic statistics. A 
number of income distribution measures provide the information needed to judge the level 
and trend of income inequality in a country. To determine whether or not environmental 
inequality exists, is more complicated. The reasons are several. Firstly, environmental 
equity consists of a number of different variables. These variables are also often difficult 
to measure and data is often insufficient. However, to get an indication of whether or not 
environmental inequity exists the literature on environmental justice has been reviewed. 
The analysis has been limited to three main types of environmental variables; the 
distribution of physical environmental quality and degradation and risk, the financial cost 
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of environmental policies or actions and finally the environmental benefits from 
environmental policies or actions. 
- The distribution of physical environmental quality, degradation and risk 
A number of studies have analysed whether or not an unequal distribution of 
environmental quality, for example the siting of environmental risk, pollution levels and 
the quality of the environment, exists among different income groups (Hird & Reese 1998, 
Jerrett et al 1997, Brajer & Hall 1992, Mohai & Bryant 1992, Zupan 1973, Freeman 1972 
and Asch & Seneca 1978). The hypothesis put forward in these studies, even though not 
always proven, is that such a relationship exists and that this relationship is negative. This 
means that it is thought that lower income classes suffer a disproportionate share of the 
environmental burden. The explanatory factors suggested for this unequal distribution vary 
from study to study, and empirical evidence for the hypothesis is not always found. The 
main explanatory factors seem to be similar to those factors that relate the level of income 
to the level of environmental degradation (Table 5-1). 
(a) Valuation: Poor people put a lower value on environmental degradation. 
In poorer areas, the values of land and wages are often lower and therefore 
attract polluting industries. 
(b) Power: Rich people have more power to resist for example sitings of incinerators. 
If unemployment is high, there are even fewer incentives to oppose a 
polluting but job creating industry. 
(c) Mobility: Poor people cannot afford to move out from a polluted area as easily as a 
richer person can. 
(d) Awareness: Education and awareness is often lower in poorer areas and poorer 
people lack the ability and resources to oppose polluting industries. 
In a study by Jerrett et al (1997), a range of variables that might be able to predict 
environmental equity in 49 counties in Ontario, Canada was analysed. The study 
concluded that manufacturing employment, urbanisation variables, dwelling value and 
household income were all significantly related to pollution emissions. Hird and Reese 
(1998) analysed the relationship between environmental quality and a range of 
demographic variables on a county level in the USA. A number of demographic variables 
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showed a strong relationship to the presence or absence of pollution. However, the income 
variable showed a negative relationship to environmental quality, i. e. the higher the 
income the lower the environmental quality. This contradicted what they expected, and 
they point out that the relationship is somewhat unclear. Brajer & Hall (1992) analysed the 
exposure to ozone and fine particulate matter in the Sought Coast Air Basin of California 
with respect to income, race, age and education. The highest income group exhibits a 
strongly negative association to exposure. Another study by Zupan (1973) found a 
negative correlation between income and air pollution. Freeman (1972) also showed that 
there was a negative correlation between income classes and air pollution. Asch & Seneca 
(1978) showed a significant negative correlation between air quality and income. 
One of the problems with these studies is that environmental data is rarely collected and 
analysed by categories of income. It is therefore difficult to carry out comprehensive and 
robust studies. This can be argued to be one of the reasons why the relationship seems to 
be inconclusive. However, from the material studied, even though no conclusive summary 
of the result can be drawn, it is clear that the relationship is extremely complex and that 
more research is needed. 
- The distribution of financial cost of environmental policies or actions 
The distribution of the financial costs from environmental policies, such as green taxes or 
environmental clean up activity, are of concern for society. The concern has arisen since 
the costs of these environmental policies seems to be regressive in nature, i. e. a higher 
proportion of income from lower income groups goes to finance environmental policies 
than the share from richer income groups. There has therefore been a call for new policy 
instruments, which would ensure the costs for environmental policies do not hit the poorer 
population more than the richer population (Boardman et al 1999). In Table 5-2 below, 
some studies that have analysed the distribution of financial costs from environmental 
policies are summarised. 
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Study Main result 
Dorfman (1977), 
Dorfman & Snow (1975) 
Harrison (1975,1977) 
Loehman et al (1979) 
Gianessi et al (1979) 
Smith (1995) 
Ringquist (1998) 
Costs from environmental programmes are distributed regressively. 
Showed that costs related to pollution from mobile sources (emission control) 
are regressive, but could be influenced by policy design. 
The middle income group paid the biggest share of abatement costs, low 
income groups paid a little and high income groups paid the smallest share 
Showed that the monetary costs related to pollution from stationary sources 
are regressive but complex. He also showed that water pollution costs are 
regressive. 
Carbon tax in Britain and Germany is mildly regressive while fuel tax is 
mildly progressive 
Showed that penalties for violating environmental regulations are negligibly 
lower in poorer communities. Hence, they argue that the environmental equity 
is negibly affected by using penalties and other juridical instruments. 
Table 5-2: Summary of studies that have analysed the distribution of financial costs from 
environmental policies 
As can be seen from Table 5-2, the financial costs for implementing environmental 
policies or regulations are mainly distributed regressively. The problem seems to lie in that 
no consideration of the distributional impact is taken in the design of the environmental 
policy. Maybe this depends on ignorance, but it might also have arisen from the fact that 
poorer people have less `power' to influence the design of environmental policies and 
regulations. 
The consequence of environmental inequity in the distribution of the financial cost of 
environmental policies could be one of a lack of incentive from higher income groups to 
react to an environmental policy or regulation. The rich might rather pay the fine or the 
extra tax than decrease their consumption (of for example petrol). Further, the rich can 
also afford to invest in pollution prevention, such as catalytic converters, which will 
decrease their tax contribution. The lower income groups, on the other hand, cannot afford 
these investments and will therefore have to continue paying the higher tax and polluting 
the environment. 
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- The distribution of environmental benefits from environmental policies or 
actions 
Environmental benefits could be anything from improvements in air or water quality to 
having access to places of `outstanding natural beauty'. Are the benefits from these 
environmental improvements unequally distributed with respect to income? Table 5-3 
below summarises some of the results from studies that have looked at the distribution of 
environmental benefits. 
Study I Main result 
Spillman (1994) 
Harrison & 
Rubinfeld (1978) 
Asch & Seneca (1978) 
Asch & Seneca (in 
Tietenberg 1996), 
Harrison (1975) 
Dufournaud and 
Harrington (1990) 
Dorfman (1977) 
Benefits from improvement in air quality are regressive. 
The distributional effects of improvements in air quality mainly depend on 
willingness to pay. However, when examining physical rather than monetary 
indicators, it was shown that the lower income groups benefited. 
Showed that it was the rich who benefited most from a change in air quality. 
Showed that the benefit is greatest in the poorest area (3 cities in the USA). 
Could not establish an unequal distribution of benefits from emission control 
Analysed the temporal and spatial distribution of benefits and costs in river basin 
shemes. Implies that the benefits from the 1972 Water pollution act in the USA 
were concentrated among the middle income. 
Showed that benefits from environmental programmes are distributed 
progressively. 
Table 5-3: Summary of studies that have analysed the distribution of environmental benefits 
From the above studies, the relationship between benefits and income seems to be 
inconclusive. However, the interesting results shown in Harrison and Rubinfeld (1978) are 
noteworthy, i. e. that it depends on whether the benefit is expressed in monetary or physical 
values. 
The distribution of environmental variables is clearly influenced by both the level and 
distribution of income and other demographic variables, even though the empirical studies 
sometimes show contradicting results. Striving for environmental equity from a 
sustainable welfare perspective is something that is desirable. The reasons for this are 
several. First of all, the argument that income equality is desirable, as there are preferences 
for equality in society, must also be valid from an environmental equality perspective. 
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Further, environmental inequality can lead to further inequality differences in income, for 
example through an unequal distribution of environmental pollution. If the poorer 
communities are hit hardest. This could for example affect their house prices and thereby 
widen the inequality gap. 
5.2.5 Discussion 
The relationships between the environment, intra-generational equity and sustainable 
welfare are complex. The above attempt to map out links should be seen as a basic guide 
to these relationships. As highlighted, an increase in the level of income has in the 
literature both been suggested as increasing the environmental impact (e. g. the scale 
effect), and also as decreasing the environmental impact (e. g. the reasoning behind the 
environmental Kuznets curve). The distribution of income is also important for the extent 
of environmental damage, where the greater the environmental inequity the greater the 
environmental degradation. The reasoning behind this relationship can mainly be linked to 
the concept of power, where higher income often means more power (e. g. those with 
power can influence who is affected and to what extent). Finally, the distribution of 
environmental degradation, benefit and costs were analysed. It was noted that the 
distribution of these variables are influenced by the distribution of demographic variables 
such as income, since this influences for example the valuation, mobility, awareness and 
power of the different groups in society. The level of income also affects the distribution 
of environmental variables. In fact, the underlying issue in all the relationships above, 
might be rooted in the problem that it is often the rich that cause the degradation, but they 
will not be affected as much as the poor since they can afford to buy themselves out of the 
consequences. Further, in order to establish the relationship between environmental equity 
and sustainable welfare, it is important to know whether or not there are preferences for a 
more equal distribution of environmental variables, and if so how equal society wants the 
distribution to be. In other words, it is useful to know the attitudes towards environmental 
distribution. This could be explored by examining the marginal disutility or utility of an 
environmental variable with respect to income. This will involve making value 
judgements similar to those that need to be made in studies of income inequality. 
However, in income inequality studies, the behaviour, attitudes and preferences in society 
are much better researched than for the distribution of environmental variables. This 
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problem will be further discussed in the section on integrating environmental equity into 
sustainable welfare measures. 
Even though the linkages between the different variables explored in the sections above 
are sometimes unclear and contradictory, they are important for overall sustainable 
welfare. However, data availability is scarce on the relationships and more research and 
data gathering is needed to define and conceptualise the links. 
5.3 Human capital, distribution of human capital and 
sustainable welfare 
Human capital and distribution is the third and last component analysed here as part of the 
intra-generational aspect of sustainability. It is well established in economic theory that 
there is a link between investment in human capital (such as health, education, training 
etc) and the level and distribution of income (e. g. human capital theory; Becker 1975, 
Minser 1981), and hence welfare. Further, in order to ensure that future generations have 
the same possibilities as the current generation, the human capital stock must be preserved 
or increased. It will be argued below, that both the level and the distribution of human 
capital are important aspects of sustainable welfare. However, the relationship between 
distribution, human capital and sustainable welfare is quite complex. In Figure 5-3 an 
attempt has been made to map out parts of this relationship. 
la - Income Human capital 
lb 10 
2a 3a 
Distribution of 2b Distribution of human capital 3b -ý income 
Figure 5-3: Link between income, human capital and distribution 
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The relationships mapped out above are the following 
1) Level of income and level of human capital 
a) Level of income and human capital 
b) Level of human capital and income 
The relationship between income level and the level of human capital has been discussed 
in human capital theory (e. g. Becker 1975). It has there been shown that there is a positive 
relationship between income level and human capital, where increased income is often 
shown to lead to increased human capital. However, it is the second link, the one between 
the level of human capital and income that is the main variable discussed in human capital 
theory. Here a strong relationship has been shown. 
2) Distribution of income and human capital 
a) Distribution of income and the human capital. 
b) Distribution of income and the distribution of human capital (e. g. educational 
variables) 
The second relationship is that between income distribution and human capital. The 
distribution of income can have a direct effect on the level of human capital as well as the 
distribution of human capital. Using health as an example below, it will be shown that 
income inequalities can lead to `social stress', which affects the level as well as the 
distribution of human capital. 
3) Inequality in human capital and sustainable welfare 
a) The distribution of human capital and income 
b) The distribution of human capital and distribution of income 
The third relationship is the one between the distribution of human capital, the distribution 
and level of income and hence sustainable welfare. The distribution of human capital, such 
as access to and quality of education and healthcare for different income groups can 
increase the social differences further. The classic example is that the distribution of 
education affects the level and distribution of income. The distribution of human capital 
can also have a negative impact on the overall income level in the country, due to for 
example power struggles. 
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The section below focuses on two of these aspects. The first is the distribution of income 
and level of human capital (e. g., health). The second is the distribution of public spending 
on human capital and income. 
5.3.1 Income inequality and human capital 
As said above, the level of income is often used as a variable when explaining the level of 
human capital or differences in human capital. However, in countries where the average 
income level is thought to be large enough to provide sufficient health care for everyone, 
another explanation has been sought to explain the differences that still exist between 
different groups in society. Research in this area shows that "in industrialised countries 
further increases in gross national product will not greatly improve life expectancy or 
various measures of health status. Instead, this research implies that a dampening of 
income differentials will be the most effective way of improving people's health" (Fritzell 
& Lundberg 1995). So why is this? Fritzell and Lundberg, following Wilkinson's (1996) 
hypothesis, point out that when the absolute dimension of income is fulfilled, i. e. people 
have enough economic resources to fulfil their basic needs, an improvement in this 
dimension will not be so important for health status. However, the relative dimension, i. e. 
how a person's economic situation compares to others can trigger `psychological 
mechanisms'. This type of reasoning, they point out, has been widely used in the poverty 
literature where individual poverty is seen in relation to the standard in the rest of society. 
A number of studies in the USA, have concluded that the greater the gap is between the 
rich and the poor, the greater the chance that people will get ill and also the lower the life- 
span (Wilkinson 1995, Kaplan et al 1996, Kennedy et al 1996). 
Fritzell and Lundberg (1995: 55) tested the hypothesis that the degree of inequality in a 
society will affect the level of physical and mental health. Using Sweden as an example, 
they concluded that both absolute and relative income changes are "clearly related to 
physical as well as mental health ". Even though the evidence was ultimately inconclusive, 
the study supported the view that both the absolute and relative dimensions of income are 
important for health status even in a developed country such as Sweden. In May 1999 a 
major study by the Swedish National Institute of Public Health was published (Nationella 
Folkhälsoinstitutet 1999). This study showed that the increased inequalities among 
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different social classes in Sweden are a big health problem. In the report they argue that 
"social stress", is as dangerous to health as smoking. Smoking and alcohol consumption 
are more common among the lower social classes, but there is also the factor of feeling 
`marginalised', in particular when unemployment is high. The study concluded that the 
interaction between economic change, restructuring of the employment market and the 
weakening of the social fabric of society has a large effect on how the health of people 
develops. An interesting observation is that even if the income of lower social groups 
improves, this does not seem to improve the group's well-being as long as the inequalities 
exist. They concluded that from an international perspective it is not the level of GDP, 
which affects the health of a country, but the economic differences between people. The 
Swedish report also shows that the social support network the individual has access to is 
important for health. This points to the issue of social capital (or institutional capital), that 
is an important issue of social welfare. Social capital is, however, not addressed within the 
boundaries of this research. 
There are numerous studies in the literature of the relationship between income inequality, 
health and education in the UK. In 1980 a review of health inequalities was commissioned 
by the Government (the Black report after the chairman Sir Douglas Black), and in 1997 
the government invited Sir Donald Acheson to undertake an independent review of 
inequalities in health in England - the Independent Inquiry into Inequalities 
in health 
(Acheson 1998). The report was published in November 1998, giving a background of 
inequalities in health as well as identifying future policy development and the benefits that 
will be expected from such policies. The report shows that "unacceptable inequalities in 
health persist across the whole life-cycle". The report primarily addresses socio-economic 
inequalities. The main general recommendation of the report is that all policies likely to 
have a direct or indirect effect on health should be evaluated with respect of their impact 
on health inequalities. The 39 recommendations made in the report, show that there is a 
real concern for inequalities in health in the UK, and that decreased inequality therefore 
would lead to higher overall social welfare. 
There seems to be a strong tendency towards a consensus that inequalities in health should 
be taken seriously. For example, the first target adopted by the WHO (European Region) 
for their `strategy of health' programme was quite tough: "By year 2000, the difference in 
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health status between countries and between groups within countries should be reduced by 
at least 25%, by improving the level of health of disadvantaged nations and groups" 
(Kunst & Mackenbach 1994). Kunst & Mackenbach (1994) state several reasons why 
inequalities in health must be taken into account. Firstly, they claim, basing their 
arguments on several empirical studies in the field, that there is evidence that low-income 
groups actually have more illnesses and a higher mortality rate than rich people do. 
Further, they argue that most inequalities can be considered unfair, and therefore not 
socially acceptable. Further, by reducing health problems in `disadvantaged groups', the 
overall average health status would be improved. It is also interesting to note, that the 
study by Kaplan et al (1996) showed that those countries with larger differences in income 
between rich and poor, also showed a negative relationship to a number of educational 
indicators. For example, the higher the income inequality the less was spent per person on 
education and the worse the educational performance. The conclusion from this is that an 
increase in income inequalities can lead to worsen sustainable welfare since human capital 
starts to deteriorate. Increased income equality could therefore indirectly lead to 
improvements in overall welfare by health and educational improvements. 
5.3.2 Inequalities in human capital 
The distribution of human capital can influence the level of income and hence sustainable 
welfare. A good example of this is education and health. Below the relationship is 
exemplified using the distribution of health. Studies looking at the distribution of different 
health variables52 among different income or social groups have been around for some 
time. These studies can be divided into two groups. Firstly those studies that uses the cost 
of providing a service (such as education or health) as an estimate of the welfare of the 
service. The second group is those studies that examine the outcome of the service, often 
measured in physical indicators such as the degree of literacy. Here, the analysis is limited 
to examining the distributional differences in expenditure on health care, where the 
distribution of health expenditure can affect the level and the distribution of human 
capital. 
52 Health variables are here used as a general description for anything relating to health such as: access to 
health care, expenditure on health care, mortality rate etc. 
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One of the most debated studies in this area is a study by Le Grand (1978), in which the 
distribution of public expenditure on health care in England and Wales was analysed. Le 
Grand compared the distribution of illness with the distribution of public expenditure, 
hypothesising that the distribution of income affects the distribution of health expenditure. 
His conclusion was that once the distribution of illness was taken into account, the 
distribution of public spending favoured the higher social groups. This conclusion was 
drawn after showing that the expenditure per ill person in the highest socio-economic 
group, were over 40% higher than for the lowest group. In 1991, Le Grand reviewed the 
debate and the literature that had emerged since his study. In this literature review, he 
remarks that most studies based on data from the early 1970s, indicate an inequitable 
distribution of health expenditure, while studies based on later data show no `systematic 
bias' indicating that the distribution of expenditure is equitable. He listed three possible 
reasons why the data might show different results. The first, which he then rejects, is the 
possibility of statistical variation in either (or both) set of data. The second reason could be 
methodological and the third that there actually has been significant change in the pattern 
of distribution of expenditure. Le Grand comes to the conclusion that some of the 
difference might be methodological, but that there also must have been some changes in 
the empirical data. The most plausible explanation (according to Le Grand) is that the 
proportion of individuals that report illnesses has increased over the period, and in 
particular among those in the higher groups. The study and the review by Le Grand, shows 
that there is a need for robust measures of the distribution of public expenditure, so that 
inequalities can be evaluated (Le Grand 1991). 
A recent study in the UK (ONS 2000) seems to support Le Grand's initial study by 
indicating that higher income groups benefit from higher public expenditure on health 
care. The study examined the link between cancer and socio-economic factors. The study 
concluded that people in the lower income groups are more likely to die from cancer than 
people in higher income groups. Several reasons are listed for this difference, among them 
the differences in diets and habits between income groups (poor people have in general a 
poorer diet, smoke more etc). However, one of the reasons why the difference in survival 
rates were high, was that people in the lower income groups did not have the same access 
to treatment as people in the higher income groups. In fact, this means that there is an 
unequal distribution of health expenditure among income groups. 
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The relationship between human resources and sustainable welfare could be summarised 
as follows, Inequalities in income can cause social stress, which can in turn reduce the 
human capital stock by contributing to depreciation of health (productivity) this also leads 
to higher inequalities in health. Further, increased inequalities in human capital tend to 
widen the income gap between different income groups. 
5.3.3 Distribution of education in the UK 
The UK Office for National Statistics (ONS), publishes two data sets that can be used in 
assessing the distribution of public health and education expenditure. The first set of data 
is from the Family Expenditure Survey (FES) and the second set is from the General 
Household Survey (GHS). Evandrou et al (1992) examined the two data sets. They found 
that the distribution of benefits in kind53 varies depending on which data set is used. The 
FES data set (which is the one ONS mainly uses), shows that the benefits in kind are `pro- 
poor', in other words they benefit the poorer households most. The reasons for the data 
showing this result are several, as pointed out by Evandrou et al (1992). For example, the 
school benefits are allocated according to the usage of state education. Since the bottom 
income group has the highest number of children, they will also be allocated the highest 
average of imputed benefit. Further, `student only households' also fall in this income 
group. The benefit from health service is estimated according to age and sex of the 
household members. The data shows that the benefit falls as income increases. Evandrou 
et al (1992) who critically analysed these assumptions and the GHS data, found that in 
contrast to the ONS, their estimate showed that the greatest benefits go to the middle 
distribution and that the benefits are greater for the top quintile than the bottom one. The 
main difference is due to an allocation of tertiary education for non-resident students to 
their household of origin (ONS omits them), this item is strongly pro-rich. The distribution 
of health benefits takes a very similar shape with GHS data as with FES data, but on a 
somewhat smaller scale. 
 The Government provides some goods and services for free or subsidised, these are termed `benefits in 
kind'. The value of the benefits is the cost of providing them. Health and education are the main two benefits 
in kind, which in 1995 made up 24.1% of total government expenditure. Further benefits are for example 
housing and travel subsidies and school meals and welfare milk. 
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5.4 Methods for integration 
The complexity of the relationship between the level and distribution of different types of 
resources and sustainable welfare mapped out above illustrates the importance of taking 
intra-generational equity into account. Policy makers need to have access to models that 
take into account these distributional effects, so that informed decisions and policies can 
be made. In the quest for methods suitable for this task, economic literature on income 
distribution has been analysed. It is mainly the empirical applications of welfare analysis 
that have confronted the problem of integrating the distributional equity aspect into the 
economic efficiency analysis, such as weighted cost-benefit analysis and weighted macro- 
economic measures. Some of these attempts will be reviewed in this section. Empirical 
attempts are, however, few and mainly limited to analysing income distribution. The 
analysis is often further complicated, due to the questions of whether weighting should 
take place, whether it is possible, and what method should be used if it is possible. In the 
sections below, methods for integrating intra-generational equity into a measure of 
sustainable welfare are analysed. The analysis is based on methods for taking income 
distribution into account, as it is within the area of income distribution that most 
theoretical and empirical work has been done. Based on experience in this area, the 
analysis is then taken forward by examining how distribution of environmental and human 
resources can be integrated into a sustainable welfare index. 
5.4.1 Integration of distributional aspects into sustainable welfare indexes 
Attempts to integrate distributional aspects into economic analysis can roughly be divided 
into two areas: 
1. Cost-benefit analysis (CB-analysis). The adjustment of CB-analysis so that the 
distributional aspect of the project, policy or investment is taken into account. A 
weight is assigned to the cost (negative income) or benefit (positive income). These 
adjusted CB-analyses go under the name of distributionally weighted CB-analysis or 
just simply social CB-analysis. 
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2. Macro-economic measures. Macro-economic measures such as income or the growth 
rate of GDP are adjusted with an intra-generational distributional component. These 
measures are sometimes referred to as weighted macro-economic measures. 
It is the weighting of the macro-economic measure that is the main area of interest for this 
research. However, the integration of distribution into cost-benefit analysis has progressed 
further than the integration of distribution into macro-economic measures. Much can 
therefore be drawn from the experience on the cost-benefit levels and parallels can be 
drawn between the two. Both of the areas are reviewed and discussed below. The main 
aim is to highlight the characteristics as well as the problems of integrating intra- 
generational aspects into conventional economic analysis. 
5.4.2 Weighted Cost-Benefit Analysis 
Conventional cost-benefit analysis54 ignores the intra-generational distribution aspects of 
the project or policy, by literally assigning the same weight to all costs and benefits, 
regardless of who is affected. In other words, the conventional cost-benefit analysis only 
takes into account the efficiency aspect of the project/policy ignoring the equity aspect. 
With support of the arguments in the previous section, it is clear that the equity effect of a 
policy or a project has an impact on social welfare. This has also been acknowledged 
within the cost-benefit literature, although it has received little attention. It was in the end 
of the 1960s and the beginning of the 1970s that the inadequacy of cost-benefit analysis 
from a distributional perspective started to be highlighted. It was in particular within the 
area of development economics where work on distributionally weighted cost-benefit 
analysis began. Little & Mirrless (1974) are often referred to in this area, as they 
developed a method of taking into account the distributional consequences in a social cost- 
benefit analysis. Squire and Tak (1975) developed the model further. This model is often 
referred to as the `World Bank model', despite of the fact that the World Bank never fully 
implemented the model. The many problems relating to data and to actual weighting 
procedures seem to have resulted in few empirical attempts at weighting CB-analysis. This 
54 In this report, CB-analysis as a decision-making tool is not discussed, only the way in which the 
distributional aspect has been integrated into the analysis is examined. This is done, as it is believed that 
even though CB-analysis as a tool might not be recommended a lot can be learned and drawn from the 
process (theoretical and empirical) of weighting cost-benefit analysis. 
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could also be the reason why since the 1970s, the interest in weighted CB-analysis has 
been somewhat erratic. Within most of the cost-benefit literature, the distributional issue is 
highlighted, but often only in a few paragraphs. Brent (1984,1991 and 1994) has, 
however, kept the debate and interest going, by arguing for the importance of taking the 
distributional effect into account. It is interesting to note that during the 1990s there seems 
to have been a renewed interest in weighted cost-benefit analysis (see for example, Lence 
et al 1997). One reason for this could be the general criticism of cost-benefit analysis as a 
decision-making tool, but also that the sustainability concept has become an evaluation 
criterion in many projects and policies. 
The purpose of a weighted cost-benefit analysis is to take into account the effect that the 
distribution of costs and benefits can have on the overall welfare impact of the project or 
policy. This is done in order to reflect that it is not just the level of income (cost-benefit) 
that is of importance for the overall welfare and result, but also the distribution. The 
adjustment is made, by assigning weights to the costs and benefits affecting the different 
individuals or groups. Equation 5-1 below shows a conventional CB-analysis where no 
account is taken for the distribution of the cost and benefits, and equation 5-2 a 
distributionally weighted CB-analysis, where the distribution is taken into account by 
weighting costs and benefits. 
nn 
(5-1) Net benefit= b; -c; 
nn 
(5-2) Weighted net benefit =Zw; (b; ) - w; (c; ) 
Where b; is the benefit from the project, c; is the cost that the i: th individual is affected by, 
w; is the weight that the individual puts on the benefit or cost. 
The problem in conducting a distributionally weighted CB-analysis lies partly in defining 
or identifying who is affected and their demographic situation (income etc) and partly in 
defining the weight (w). The first problem can only be resolved through improved data 
collection, in particular the integration of different types of data (such as income, age etc). 
Further, the costs and benefits accruing to each income group need to be defined. 
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The distributive weight (w) will depend on several factors. The most common assumption 
made is that it depends on the recipient's position in society and the inequality aversion in 
society. Position in society is often taken to mean the recipient's income level (if this is the 
distributional dimension chosen - it could also be race, geographical position etc) in 
relation to the average income level. The weight is thus determined by the individual's (or 
the group's) income level in relation to the average income level. The weight, therefore 
gives the value of the cost or benefit to a certain income group (y) relative to the value of 
the cost or benefit at the average level of income (y*). The second assumption made is that 
the relative importance of the cost or benefit to a specific group should also be taken into 
account. This can be expressed by taking into account the elasticity of the marginal utility 
of income or the inequality aversion parameter, often denoted (e) epsilon. The distributive 
weight can be expressed as in the equation 5-3 below (Bängman 1997: 35). 
(5-3) w= (Y/Y*) s= (Y*/Y) s 
The properties of (E) epsilon will be thoroughly analysed in chapter 6. 
The general interpretation of this formula is quite straight forward, if the cost or benefit 
occurs to someone who is relatively poor, the weight will be greater than 1. If the cost or 
benefit occurs to someone who is relatively rich, the weight will be less than 1 (Bängman 
1997). Brent (1984) made a useful survey of the different schools using distributional 
weights in cost-benefit analysis, summarised in Table 5-4. 
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School Characteristics 
The Economic This school applies traditional cost-benefit analysis, where the implicit 
Efficiency-Only School distributional weight of one is used (i. e. each individual is weighted equally). 
The Distribution-Only The aim of this school is solely redistribution. The redistribution is seen in 
School isolation from the efficiency concept. 
The "A Priori" In this school, the distributional weight should be decided by the decision- 
Weighting School maker. The only guidance given in the choice, are the two extreme values of 
«0 and «oe 
The Imputational School This school bases the choice of the distributional weight on past experiences 
or decisions. 
Single Index versus In these schools the problem of using only income as an indicator for social 
Multiple Indicator concern is raised. The weighting should be broadened to include other 
Schools concerns than income and other bases than income. 
Discrete versus Unrealistic to assume that a society's preference function over income and 
Continuous Weighting age would be continuous and smooth. 
Schools 
The Weisbrod School Weisbrod (1968) suggested linear weights be applied to the groups for which 
the decision-maker had particular concern. Age, region, colour and income 
were seen as relevant, and numbers where set for each of these. 
Table 5-4: Summary of different schools applying 'distributional weights' in cost-benefit 
analysis. 
Source: Brent 1984 
It is worth noting that ignoring the distributional aspects in traditional cost-benefit analysis 
can also be seen as making a value judgement. The value judgement being, that each 
individual is affected equally independent of his or her situation (Irvin 1978: 138). Further, 
assuming that the weight (w) is equal to 1, is the same as saying that the distributional 
effect is non-existent. 
5.4.3 Weighted macro-economic measures 
As with conventional CB-analysis, conventional macro-economic measures of welfare 
only take the efficiency aspect into account. One exception, however, is a strand of 
empirical applications of welfare economics that has attempted to take both the efficiency 
and equity aspect of welfare into account. Some of these attempts are shown in Table 5-5. 
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Name and Description Income Basis adjusted Result 
Author inequality 
index used 
Income Integrates 4 different Family income The income distribution 
Inequality distributional types used. before and after adjusted measure shows an 
adjusted components into 1. Equal tax. improvement in growth rate 
growth rates. changes in well- weights during the 1960s and a down- 
being, where well- 2. Poverty Applied to the turn during the 1980s. I. e. 
Klasen (1994) being is expressed in weights USA 1947-1991 without the income distribution 
income terms 3. Gini 1 adjustment the growth rates are 
4. Gini 2 underestimated during the 
1960s and overestimated 
durin the 1980s. 
Income Attempts to adjust Gini The income The HDI index is lower when 
adjusted the human coefficient component of the accounting 
for income 
human development index HDIThis inequalities. The ranking of the 
development using income component is then countries slightly changes. 
index (HDI) distribution. The multiplied by (1- Sweden for example, changed 
HDI is a Gini). from 5t' place to 3'd place and 
UNDP (1992, decomposition index the UK from 10th 
1993) consisting of three to 9th place (year 1993). 
variables, income, 
education and 
longevity. 
Inequality An attempt to Gini Each of the three Only looked at developing 
adjusted enlarge the scope of Coefficient components of the nations. The percentage loss of 
human distributional issues HDI are adjusted HDI varies from 30-57 %, but 
development in the HDI, to for inequality by a does not change ranking by 
index include distribution factor of ki (1-G), more than 4 places. 
in longevity and where Y is a 
Hicks (1997) education. weighting factor 
so each dimension 
could be given a 
different weight. 
The Index of A measure of Low quintile The basis for the The weighting has a negative 
Sustainable sustainable welfare index, where ISEW is personal effect on the USA index, 
Economic that takes the variations in consumption, penalising rising income 
Welfare distribution of the lowest which is adjusted inequality 
(ISEW) income into account. quintile are for income 
monitored. inequality. The ISEW has been applied to 
Daly & Cobb This fits in several other countries, of 
(1989) with Rawls which the UK and Sweden are 
theory of two. The methodology for 
justice Rawls accounting for income 
(1971). 1950 distribution has changed in 
is set as a these studies, and is described 
base year in the empirical section of this 
(=100. paper. 
Income An experimental Atkinson National income Beckerman comes to the 
Inequality calculation where Income conclusion that taking changes 
Adjusted the conventionally Inequality in income distribution into 
National measured growth Index account "barely affects the 
Income rates are compared growth rates of most 
with the growth rates countries". Applied to several 
Beckerman of `equivalently developed nations including 
(1980) distributed income' UK and USA over the period 
of two decades (between 1950- 
1973). 
fable 5-5: Examples of distributional adjustments made to macro-economic welfare measures 
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Many parallels can be drawn between the work on taking intra-generational equity into 
account in macro-economic variables and the attempts on a project level in the weighted 
CB-analysis discussed above. "The use of distributional weights at project level has 
important implications for the way in which one thinks of macro-level indices of welfare, 
and raises the problem of methodological consistencies between different levels of 
planning" (Irvin 1978: 155). In both approaches, the distributional variable is integrated by 
a weighting factor. As described above, this weighting factor can depend on two things, 
the relative position or distribution and the value that is assigned to an unequal distribution 
in society. 
The problem that one faces when assigning a weight on a macro-economic level is, 
however, slightly different than the pattern of assigning weights at the project CB-level. 
The first factor that the weight depends on, the recipients' position in society is easier to 
determine on a macro-level due to the distributional data often being readily available. 
Also a number of different types of income inequality index are available that capture the 
distributional aspect. The macro-economic measure could be weighted with one of these 
income distribution measures, and thus the distributional aspect is taken into account. 
Different types of income inequality indexes and how they can be used to weight a macro- 
economic measure are described in the sections below. 
The second problem with weighting, is how to take into account the inequality aversion 
parameter. Within the income distribution indexes currently available, this parameter can 
either have been implicitly or explicitly integrated. The implications of this are discussed 
below. The way in which the parameter could be derived is analysed in chapter 6. 
5.4.4 Distribution of income 
There are many different types of inequality measures. Coulter (1989) divided them into 4 
groups, according to which model they are based on. For a more extensive review see 
Coulter (1989). 
- Indexes based on the combinatorics model 
- Indexes based on the entropy model 
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- Indexes based on deviation models 
- Indexes based on the social welfare model 
The first type of index is based on combinatorial analysis (probability). "A combinatorics- 
based index value reflects the probability of randomly selecting a pair of identical units 
(for equality polarity) or different units (for inequality polarity) from a pool of units 
divided among two or more components" (Coulter 1989: 99). 
The second type of index using the entropy model is "generally based on an interpretation 
involving the number of bits of information that are necessary to identify the location of 
any unit in its component" (Coulter 1989: 113). 
Indexes based on deviation models aim to illustrate to what extent a value deviates from a 
set standard. These inequality measures try to measure inequality in some objective sense. 
Measures belonging to this group are mainly based on the absolute, relative and squared 
deviations from the mean or mode. These are all frequently used measures for intra- 
generational and inter-generational comparisons and they are also used to obtain an 
`absolute measure of the degree of inequality' and as a reference for the size of the 
inequality (Atkinson 1983: 53). The most commonly used deviation index is probably the 
Gini coefficient. 
The final type of index is based on the social welfare model. These indexes try to measure 
inequality in normative terms of social welfare. Social welfare can be expressed, for 
example, as the well-being or happiness of a society. However, since it is difficult to 
actually measure well-being or happiness, the utility from income is often used as an 
approximation to welfare. Dalton (1920) proposed measuring social welfare W as the 
aggregate of the utilities U(y; ) associated with each income y;. Thus: 
(5-4) W= Ei U(Yi) 
Dalton is also often referenced as the first to argue that a measure of income inequality 
could be based on this social welfare model. In practice, of course, what is required to 
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carry out this measurement is a way of relating different incomes to the utility associated 
with them. Atkinson (1970) suggested one way of doing this. 
Below, two different indexes of inequality are explored in more detail, one based on the 
deviation model and one based on the social welfare model. These two measures are 
examples of what Sen (1997) classifies as normative measures and objective measures. A 
normative measure takes into account value perspectives, while an objective measure 
(here the Gini coefficient) only objectively ranks the results. 
The Gini coefficient (based on the deviation model) is measured as one half of the 
average of the absolute difference between all pairs of relative incomes. The Gini 
coefficient is often explained graphically as the ratio of the area difference between the 
curve of actual income distribution and the line of equal distribution. The coefficient takes 
a value between 0 and 1, where 0 represents total equality. Figure 5-4 shows the 
development of inequalities in the UK and Sweden using the Gini coefficient (for data see 
Appendix 7). It should be noted that consistent time-series of income distribution data do 
not exist for either country. The data sets used in this section have been linked using the 
most robust data and methods available. Consequently the time-series trends below only 
give a rough picture of the overall trends in income distribution" 
55 The Swedish index is based on several different attempts to provide a Gini coefficient of income 
distribution in Sweden. As yet no single study covers the whole time period in a consistent fashion. The two 
main sources were a preliminary study by Björklund (1995) on individual income distribution for the years 
1951-1958,1960-1976 and on household income distribution for years between 1975-1995 from the income 
distribution study 1995 (SCB 1997). For a discussion of the data set used, see Jackson & Stymne (1996). 
The UK index is calculated from income distribution data compiled on a tax unit basis for the period 1954- 
1984, and published in Economic Trends. The second data set for 1977-1996 is based on income distribution 
data by household units compiled in the Family Expenditure Surveys (FES, various years). For a discussion 
of the data set used, see Jackson & Marks (1992) and Jackson et al (1997). 
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Figure 5-4: The Gini Coefficient for Sweden and the UK 1950-1996 
As can be seen in Figure 5-4, income inequalities in Sweden fell consistently until the 
beginning of the 1980s when incomes started to become more unequal. In the UK, 
however, the distribution of income was almost constant until the beginning of the 1980s 
when it started to become much more unequal. 
The Atkinson index (based on the social welfare model) can be interpreted as "the 
proportion of the present total income that would be required to achieve the same level of 
social welfare as at present if incomes were equally distributed" (Atkinson 1983: 57). 
Atkinson (1970,1983) suggested that it is possible to derive the total welfare 
corresponding to a particular distribution of income according to the following formula: 
(5-5) Y*[Ej (Yj/y)I'-s)"pjJ(l/l-E) 
where Y is the total income, y; is the mean income of the i: th group, y is the mean income 
of the total income population, pi is the proportion of the total income population in the 
i: th group, and e is a factor which represents the weight attached by society to inequality 
in the distribution of income. This will be further explored in chapter 6. The Atkinson 
index is then defined by: 
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(5-6) 1 = 1-WIY. 
Since welfare falls as the inequality of income distribution rises, the Atkinson index 
provides an increasing function of inequality in the economy, defined by the difference 
(normalised with respect to total income) between the total income and the welfare that it 
delivers. In a perfectly distributed economy, y; =y for each income group, and so the 
welfare level is given by: 
(5-7) W= Y*[Ei pj](iiiE) = 
and the inequality measure I reduces to 0, as would be expected. 
The factor F, is an important parameter in the measure. It represents society's preference 
for equality of distribution of incomes. Since it is possible to conceive of societies that 
have a positive preference for an unequal distribution of income, it is clear that c can take 
both negative and positive values. When c is zero, society is indifferent to the distribution 
of income, and welfare again reduces to the total income in the economy56: 
(5-8) W= Y*[Ei (yi/y). pil = Y. 
and welfare is considered equal to the total income. The parameter of epsilon therefore 
allows explicitly for the possibility of attributing different welfare levels according to 
different attitudes towards inequality in society. 
The Atkinson index applied to both Sweden and the UK is illustrated in Figure 5-5, using 
an epsilon value of c=0.8 (different values of epsilon will be discussed in section chapter 
6. The underlying data can be found in Appendix 7. 
56 To see this, note that y=Y/P where P is the total income population and Y; = y;. p;. P is the total income in 
the i: th group. W then reduces to E, Y; = Y. 
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Figure 5-5: The Atkinson Index (epsilon = 0.8) for the UK and Sweden 1950-1996 
Figure 5-5 could be interpreted in the following way. In 1950, the gain from redistributing 
income in Sweden to achieve equality would be equivalent to raising total income by 
8.9%. In the UK it would be equivalent to a rise in income of only 8.2%. The welfare costs 
(interpreted in income) to achieve equality are higher in Sweden for all years where the 
line lies above the UK-line. For 1996 the same figures were Sweden 9.3% and the UK 
14.3%. s7 
5.4.5 How to use income inequality indexes to adjust sustainable welfare 
indexes. 
To illustrate how income inequality indexes can be used to adjust a macro-economic 
measure such as a sustainable welfare index, four different models have been developed, 
57 The income distribution data for the UK has mainly been taken from a report prepared by the Institute of 
Fiscal Studies providing decile shares of post tax income for the years 1961-1991 (Goodman and Webb 
1994, Table 2.3). For the years not covered by this study, an index based on Gini coefficient data has been 
used to extrapolate the Atkinson index. For Sweden the disposable income per consumption unit for family 
units in decile groups has been used, published by Statistics Sweden (SCB various years). For those years 
where income per consumption unit was not available, income per family unit was used and linked to the 
years where income per consumption unit was available. For those years where no decile data on disposable 
income could be found, an index based on Gini coefficient data was used to extrapolate the Atkinson index. 
See Jackson et al (1997) and Stymne & Jackson (2000). 
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where the national welfare component (here defined as income) is adjusted with income 
distribution. In the first two models, the weighting is based on the Gini coefficient, which 
is used to directly adjust the welfare index. In other words, welfare (or income variables) 
is directly weighted with an income inequality index. The third and fourth models are 
based on the normative measure of the Atkinson index. Here inequality is measured in the 
normative terms of social welfare by using an income inequality index based on the social 
welfare function. 
MODEL 1: Weighting a welfare index with the Gini coefficient. 
A Gini based welfare index was derived, for example by Sen (1976) and has been used in 
several empirical works, such as by the UNDP 1992 (to correct the HDI) and by Klasen 
1994 (to adjust growth rate in income in the USA). A welfare function adjusted using the 
Gini coefficient could take the following shape: 
(5-9) Wadj =W* (1-G) 
Where W is the welfare index, G is the Gini coefficient and Wadj is the income distribution 
adjusted welfare index. So, the welfare index chosen is corrected downwards by a factor 
of (1-G). 
Even though the Gini coefficient is widely used - there are several problems with the 
index. Firstly, although the Gini coefficient satisfies the principle of transfers i. e. that a 
transfer from a rich person to a poor person should always reduce the inequality measure. 
It does not satisfy the principle of diminishing transfers, i. e. that the effect of a transfer 
diminishes as the absolute level of income increases (Schwartz and Winship 1979: 15). It is 
true that a transfer from a rich to a poor person will reduce the Gini coefficient, but only if 
the poor or the rich person changes rank; "the GC [Gini Coefficient] is reduced by any 
transfer from a richer person to a poorer person, the size of the reduction is a linear 
function of the number of people with incomes between these two" (Schwartz and Winship 
1979). Further, the Gini coefficient, as with most inequality measures, implicitly includes 
value judgements. For example, in the Gini coefficient, distributions towards the middle 
are implicitly incorporated in the index. However, these value judgements are hidden in 
the index and in order to change them the index itself has to be changed. Another problem 
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with the Gini index, when using it to adjust the welfare basis, is that it is not clear how this 
should be interpreted in welfare terms. Figure 5-4 showed the Gini coefficient for the UK 
and for Sweden. 
MODEL 2: Weighting a welfare index with a relative Gini coefficient 
The second adjustment is also based on the Gini coefficient, but it is the relative Gini 
coefficient that is used. A relative Gini coefficient is calculated by indexing to a base year 
(for example 1950 = 100). If income inequalities have improved relative to 1950, the 
index will take a value less than 100 and vice versa. Welfare is then calculated by 
weighting income with the relative measure (equation 5-11). 
5-10) Gral = (100/Gbase) *G. 
(5-11) WadJrel = (w/Grel) * 100 
Where Gre1 is the relative Gini, Gbase is the Gini coefficient in the base year and where G 
is the Gini coefficient in the year of interest and Wadjrei is the welfare index adjusted using 
the relative Gini. 
When adjusting the personal consumption basis of the ISEW, Daly and Cobb, suggested 
that rather than using absolute inequality indexes, the relative index should be used i. e. 
only the change in the distribution should be taken into account (a change relative to a 
base year). Figure 5-6 shows the relative Gini coefficient in Sweden and the UK, using 
1950 as a base year. For data see Appendix 7. 
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Figure 5-6: Relative Gini Coefficient (1950=100) for the UK and Sweden 1950-1996 
As can be seen, in Sweden the change in income inequality has been negative: 1950 was 
the year of maximum inequality and every year since has been lower, even though income 
inequality rose over the last decade. Whilst there are some benefits in using the relative 
Gini coefficient, such as the change rather than absolute levels being monitored, there are 
several problems ([G] Atkinson 1995, Mäler 1996 ). First of all what is to say that 1950 is 
the right base year to use? And how then should the base year be chosen? Further, setting 
1950 to 100 in both countries leads to the income distributions in those countries being at 
the same level in that year, even though a closer examination of Figure 5-6 shows that 
Sweden had a more equally distributed income in 1950 than the UK. 
MODEL 3: Social Welfare Based Income Inequality Iý ndex 
The third model is based on the Atkinson index. The Atkinson index can be interpreted as 
"the proportion of the present total income that would be required to achieve the same 
level of social welfare as at present if incomes were equally distributed" (Atkinson 
1983: 57). The weighting could be done, by using the following formula: 
(5-12) Wadj =W (1-I) 
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Where W is the welfare index and I is the Atkinson index and Wadj is the income 
distribution adjusted welfare index. 
There are several advantages of using the Atkinson index. Firstly it can be interpreted in 
welfare terms and secondly the value judgements regarding the distribution are explicitly 
stated. Basing inequality indexes on the social welfare function has the appealing 
characteristic that inequality in incomes can then be expressed as loss in social welfare. 
Further, all inequality measures contain value judgements regarding the distribution, as 
Atkinson (1983: 56) pointed out: "... the degree of inequality cannot, in general, be 
measured without introducing social value judgements" (Atkinson 1983: 56). 
It might be the case that the inequality measure gives more weight to those in the lower 
income group or those in the middle group. In most inequality measures these value 
judgements are implicitly incorporated. This means firstly that it is difficult to know 
exactly what value judgement regarding the distribution has actually been incorporated 
and secondly that it will be difficult to influence this already incorporated value 
judgement. Therefore an inequality measure, which treats value judgements explicitly, 
would be preferable - or as Atkinson expresses it: "Given that the conventional summary 
measures inevitably introduce distributional values, it may be preferable to consider such 
values explicitly. Only then can it be clear just what distributional objectives are being 
incorporated as a result of adopting a certain measure " Atkinson (1983: 56). 
The Atkinson index, considers the value judgements explicitly through the value of c. This 
allows the user of the index to use a range of different value judgements. See chapter 6 for 
a discussion. This is of particular interest when comparing developed with developing 
countries since the values in a poor developing country may not be the same as those in a 
well-to-do developed society. 
MODEL 4: A Relative Social Welfare Based Income Inequality Index 
The fourth model is based on a relative Atkinson index, which is here only used as an 
illustrative example. A relative Atkinson index has been calculated in the same way as a 
relative Gini coefficient. The Atkinson index is indexed to a base year (for example 1950 
= 100). If income inequalities have improved relative to 1950, the index will take a value 
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less than 100 and vice versa. Welfare is then calculated by weighting income with the 
relative measure (equation 6-9). 
(5-13) Ire! = (100/Ibase) *In 
(5-14) Wadjrel = (W/1rt1) * 100 
Where Ifel is the relative Atkinson, Ibase is the Gini coefficient in the base year and where I 
is the Atkinson index in the year of interest and Wadjrel is the welfare index adjusted using 
the relative Atkinson. In Figure 5-7 below, the relative Atkinson indexes in Sweden and 
the UK are shown. The data is listed in Appendix 7. 
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Figure 5-7: Relative Atkinson (1950 = 100) for the UK and Sweden 1950-1996 
Whether to use a relative or absolute measure, depends on whether it is the change in 
inequality from a certain year that should be reflected or if it is the actual level of 
distribution that should be taken into account. 
5.4.6 Distribution of the environment (environmental equity) 
Despite the concern that environmental inequity is growing (e. g. environmental justice 
literature), the integration of this concern into macro-economic measures is almost non- 
existent. The main reason for this, as discussed in section 5.1, is that the linkages between 
environmental variables, intra-generational equity and sustainable welfare are complex 
193 
and the empirical evidence is often weak, if available at all. Further, there are few 
available methods for making the integration. Below, two approaches that could 
potentially be used to integrate the environmental intra-generational aspect into a 
sustainable welfare index are suggested. The first method is based on the distributional 
weight as used in weighted cost-benefit analysis, the second converts the environmental 
impact to income (or disincome) - in other words it creates an ecologically sensitive 
income. Potentially, the Atkinson index could also be applied to create and ecological 
income distribution index. Where the Atkinson income inequality index could potentially 
be applied to the distribution of environmental factors (such as exposure to, cost of and 
benefit from pollution). In other words, instead of using the distribution of income per 
family per decile as the basis for the index, the distribution of environmental variables is 
used. This is an area for future research. 
1) A weight is assigned to the costs (for example pollution) or benefit (clean 
environment). 
As discussed in the beginning of this chapter, attempts have been made to construct 
weighted cost-benefit analyses, where the costs and benefits are weighted with respect to 
their distribution. The first suggestion, on how to take into account the welfare effect from 
distribution of environmental variables, is to use a similar weighting system to that used in 
the social or weighted CB-analysis, where a weighting factor is assigned to the cost and 
(or) benefits of the environmental impact. 
nn 
(5-15) Net benefit = b; -ic; 
nn 
(5-16) Weighted net benefit = w; (b) - w; (c) 
There are two main difficulties with this method. The first is in establishing the way in 
which the environmental variables (impact etc) are distributed within the society and to 
find out the demographic composition of those affected. The second difficulty is in 
establishing the size of the weighting. As said previously, when assigning weighting to 
income distribution adjusted cost-benefit analysis, past experiences or decisions can often 
be used as a guideline in assigning the epsilon value. 
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2) Creating an ecologically sensitive income distribution index. 
A second way of taking environmental equity into account would be to convert the 
environmental costs and benefits into `income', and then to add or subtract this income 
from the original income, before making the distributional adjustment. This has been done 
for so called ecological income, and it has been shown that taking into account ecological 
income can improve income distribution since ecological income gives most benefits to 
the poorest in society. Ruitenbeek (1996) suggested that "an 'ecologically sensitive' index 
is simply one that includes the economic value of ecological functions, within the 
calculation of incomes that describes the index" (Ruitenbeek 1996: 52). In other words, he 
adds the ecological income to the economic income (for each income class) (for example 
gathered ecological products such as timber and fruit and manufactured ecological 
products such as woven baskets and wine). Then, by adding income to ecological income, 
and calculating the Gini coefficient or the Atkinson index, he arrives at an ecologically 
sensitive Gini coefficient and Atkinson indexes. His result (for a case study on 357 
households in the Korup National Park in Cameroon), shows that the ecologically 
sensitive inequality measures are lower than the traditional measures, implying that 
"income from ecological resources tends to help the poorer parts of the population " 
(Ruitenbeek 1996: 93). This means that policies that increase the possibilities of receiving 
income from the environment will also improve the overall distribution of income. The 
weighting must be decided by society, similar to the way in which the epsilon value is 
determined in the Atkinson index. 
The main obstacle to taking environmental equity into account is the lack of data. To date 
therefore, the discussions and analysis can only be based on case studies using very 
limited data. In fact the discussion highlights the need for data collection that links 
environmental degradation, pollution and risk to a range of different demographic 
variables, so that environmental equity can be taken into account. Another obstacle, is the 
problem of the attitudes towards environmental inequity in society. The growing literature 
on environmental justice confirms to some extent the concern (Dobson 1998, US 
Environmental Protection Agency 1992). However, it is even more difficult than with 
income, to judge what is a fair distribution. Does society strive towards a more equitable 
distribution of environmental variables? 
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5.4.7 Distribution of human capital (health) 
The level of expenditure on health and education is often used as a measure of investment 
in human capital. However, the distribution of this expenditure is rarely considered, the 
main reason being the lack of methods to account for the distributional aspect. Hicks 
(1997) attempts to adjust the education and longevity variable in the Human Development 
Index. This is a rare attempt to integrate the distributional aspect of human capital into a 
welfare analysis. In his attempt, each of the three components of the HDI are adjusted for 
inequality by a factor of X; (1-G; ), where X is a weighting factor so each dimension could 
be given a different weight and G; is the Gini coefficient. The adjustment with the 
distributional aspect, led to the percentage loss of HDI varying from 30-57% (note only 
the HDIs of developing nations were analysed). The Gini coefficient for education was 
calculated by using data on educational attainment and the longevity Gini coefficient was 
based on mortality data. 
In the ISEW methodology, expenditure on education and health were used as an estimate 
for investments in human capital. Following Hicks' (1997) approach, the Gini coefficient 
(or another type of distributional index) could be calculated by using the distribution of 
educational and health expenditure within the different income groups. However, the 
difficulty here is to find reliable distributional data. 
5.5 Summary and discussion 
The dimension of intra-generational equity, i. e. equity within a generation, is well 
recognised within economic theory and is argued in this thesis to be an important factor in 
sustainable development. This is because there are links between income inequality, 
economic growth, human capital and the environment. Thus, levels of inequality in the 
economy may have a considerable impact not only on present levels of well-being, but 
also on the well-being of future generations. Even though intra-generational equity has 
been an important variable in economic analysis, it has rarely been integrated into welfare 
measures. This has led to welfare concepts ignoring the impact that the degree of 
inequalities can have on overall social welfare. One of the obstacles that at present are 
hindering such integration - the complex relationship between distribution and welfare - 
has been analysed in this chapter. The objective has been to `map out' the relationship 
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between intra-generational equity and sustainable welfare. The links between intra- 
generational equity and sustainable welfare have been explored by analysing the 
relationship between income, environment, human capital and their distribution. It has 
been highlighted that the relationship between welfare and income distribution is well 
recognised in the economic literature, where it is in general argued that a more equal 
distribution of income leads to higher overall social welfare. (This argument is based on 
the fact that there are often preferences for income equality in society, marginal utility of 
income is diminishing and there is a trade-off between equity and efficiency). The 
distribution of income can also have an impact on other resources, here named side 
effects, in the economy such as environmental and human capital. One of these side 
effects discussed in the chapter, is the impact that distribution of income can have on 
environmental quality through the link between distribution of income and the distribution 
of power, where a more equitable distribution of power leads to improvements in 
environmental quality. Another side effect is the link between income distribution and 
human capital, where it has been suggested that dampening income differentials can be 
one of the most effective ways of improving health, as income inequalities can lead to so 
called social stress (Wilkinson 1996, Fritzell & Lundberg 1995). 
Another aspect of the intra-generational dimension is the link between the distribution of 
natural capital, the distribution of human capital and its impact on sustainable welfare. In 
fact, the distribution of environmental resources has been analysed in the environmental 
justice literature since the 1970s. Despite the fact that these links are sometimes unclear or 
contradictory, they stand out as important. Due to the complex relationships and scarce 
data availability, more resources should be directed towards analysing these links. 
Examining the distribution of human capital, such as access to and quality of education 
and health care for different income groups, can further increase social differences. 
It is not just the complexity of the relationship between equity and welfare that has worked 
as a brake on adjusting macro-economic measures with intra-generational equity, but also 
the lack of methods for making the adjustments. The latter part of this chapter has 
discussed different methods for integrating intra-generational equity into macro-economic 
measures, and a method was recommended. There are few empirical attempts where intra- 
generational equity of a project or a policy has been integrated into macro-economic 
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measures. However, some work has been done within weighted cost-benefit analysis, 
where parallels can be drawn when adjusting macro-economic measures. In this chapter, 
various models where distribution of income can be taken into account in a macro- 
economic index by using income distribution measures have been discussed and analysed. 
In fact, the income distribution measure suggested as most appropriate is the Atkinson 
index, which is based on the social welfare model. The main advantage of this index is 
that it offers an immediate interpretation in terms of social welfare. Further, society's 
aversion to income inequality can be explicitly included through the parameter of epsilon. 
This is an advantage in the respect that when countries have different attitudes (and hence 
welfare interpretations) towards inequality, this can be integrated into the analysis. The 
difficult part then is the way in which the parameter is determined. This will be analysed 
in next chapter. Alongside this discussion, the aspect of integrating the distribution of 
environmental and health resources have also been discussed. It was pointed out that this 
task is even more difficult than integrating the distribution of income, due to lack of data 
and methods. However, this should not hinder future work from being focused on this 
area, as the relationships between distribution and social welfare are important for the 
overall well-being of society. 
The main conclusion and recommendation from this chapter is that distributional effects 
should be taken into account when analysing sustainable welfare, as otherwise there is a 
risk that the equity aspect might be traded in favour of the efficiency perspective. In fact, 
the recommendation follows the recommendation made in the UK independent inquiry of 
health (Acheson 1998) - distributional effects should be taken into account when assessing 
the viability of a public process or a project. The method recommended for doing this, is 
the Atkinson income inequality index. 
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6. Distributional weighting 
In chapter five some of the relationships between intra-generational equity and sustainable 
welfare were mapped out along with methods for how intra-generational equity can be 
integrated into a sustainable welfare index. This chapter analyses the distributional 
weighting as part of this integration. As highlighted in the previous chapter, one of the 
main difficulties in using the methods for integrating intra-generational equity into a 
sustainable welfare index lies in establishing the weighting factor. In this chapter, different 
methods and suggestions of weighting factors are analysed. In the first section (6.1), the 
epsilon parameter is defined, in section 6.2 an overview of the different ways in which the 
epsilon parameter can be determined is presented. In section 6.3 the indirect method of 
observing consumer behaviour to determine the epsilon value is analysed. In section 6.4 
the indirect method of observing existing consumer behaviour is reviewed and section 6.5 
presents the analysis of deriving epsilon from the direct method, using primary data from 
surveys. Section 6.6 analyses the use of secondary data derived from existing studies to 
estimate the epsilon value. Thereafter, in section 6.7 the attitudes to environmental equity 
and its possible role in this context are discussed. Finally, the different epsilon values 
found and derived are discussed in section 6.8 and the chapter is summarised. 
There are two main approaches to taking intra-generational equity into account as 
highlighted in previous chapter: firstly, by using an income inequality measure without 
making any special allowances for value judgements regarding income inequality; 
secondly, by making special allowance for society's value judgement regarding income 
inequality. It is clear that the second approach is more demanding, as the value of society's 
attitude towards income inequality needs to be determined. Within the literature, both in 
weighted cost-benefit analysis and adjusted macro-economic measures, this value is 
conceptually discussed but seldom empirically derived. The aim of this chapter is to 
discuss, analyse and suggest methods for the way in which society's attitude could be 
determined and how it could be expressed in a parameter to be included in the weighting 
process. 
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6.1 Epsilon 
As stated in the previous chapter, most income inequality indexes include value 
judgements regarding aversion towards income inequality. However, these are often 
implicitly included which leads to inflexibility - choosing a certain index involves 
accepting the value judgement. Further, in most income inequality indexes, the value 
judgement made is `hidden' and it can therefore be difficult to know what assumption has 
actually been made. If the values can be made explicit, such as in the Atkinson index, the 
above problems are avoided. In the Atkinson index the value is denoted by the parameter 
of epsilon (E). However, there are difficulties involved in using a variable value parameter 
such as epsilon. For example, is there an optimal epsilon (i. e. is there a value of epsilon 
that everyone should be striving for - such as total equality)? Will and should the epsilon 
value differ from country to country? Is there a preferable range of epsilon values that 
should be used? What impacts do the different epsilon values have on the social welfare 
function and the income inequality index? Is there a risk of manipulation of the income 
index since it is possible to change the epsilon value according to your own preferences?, 
What do the different epsilon values mean? These and other questions will be addressed in 
this section by analysing various ways of assessing the epsilon parameter and testing the 
different results. The aim of the study is to suggest ways in which the epsilon value could 
be determined and also to establish a possible value or a range of values for epsilon. 
Atkinson (1983: 56) defines the parameter epsilon as "the weight attached by society to 
inequality in the distribution ". The more weight society puts on equality, the higher the 
value of epsilon. In Table 6-1 below, the meanings of different values of epsilon are 
explained. 
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Value of What it means 
Epsilon 
c=0 There are no preferences for decreased or increased income inequalities in society. By using 
a value of zero for epsilon, the distribution is ranked solely according to income. This means 
that an income increase/income transfer will have the same effect on total welfare 
independent of which income group benefits from the income increase/transfer. For 
example, a transfer from a rich person to a fairly rich person has the same weight as a 
transfer from a rich person to a poor person. 
c<0 The society is averse to income equality, and has preference for higher income inequality. 
>0 Society is averse to income inequality. The higher the value of epsilon, the more weight is 
put on income equality. A positive value of epsilon shows that society is concerned for 
income inequality. Who actually gets the income increase/transfer affects total welfare. A 
transfer/income increase to the lower income group will bear more weight than an increase 
in the top decile. The higher the value of epsilon, the more weight is put on income transfers 
to lower income groups. 
F, -> 00 As epsilon approaches 
infinity, concern in society is only for the lowest income groups. 
Table 6-1: Interpretation of different epsilon values 
The epsilon parameter, should possess the following properties: 
" Reflect the attitudes towards income inequality in society 
" Increased aversion towards income inequality must lead to a higher value of epsilon 
" Decreased aversion towards income inequality must lead to a lower value of epsilon 
9 Range from -oo to +oo 
" The epsilon value should be intra- and inter country comparable, if there is to be 
comparability. 
It is not sufficient to understand how to interpret different epsilon values or changes in 
epsilon values. The main challenge is to establish what value epsilon actually should take. 
This can be solved by actually finding out the attitudes towards income inequality in 
society. Unfortunately, empirical studies of the epsilon value are scarce. Some references 
to attempts to empirically measure the value of epsilon that have been found are Schwartz 
and Winship (1979). They reference Stevens (1959), Schwartz (1974) and Winship (1976) 
who used "attitudinal survey data about the level of well-being associated with different 
levels of income ". The results indicated that epsilon should take a value between 0.5 and 
0.75. They also reference Stern (1977) who examined data on individual consumer 
maximising behaviour, his results indicated that epsilon should range from 0-10 with a 
best guesstimate at 2. Schwartz and Winship themselves argued that "most sociologists 
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would agree that when using Atkinson's measure to address normative questions, e should 
be between -0.5 and 2.5"(Schwartz & Winship 1979: 31). These studies and some 
additional ones are listed in Table 6-2. 
Authors Measure of Method used to derive the epsilon value. 
epsilon 
Schwartz & Winship c= -0.5 to 2.5 Based their estimate on a literature survey of epsilon values. 
Their conclusion was that "most sociologists would agree that (1979) when using Atkinson's measure to address normative 
questions, e should be between -0.5 and 2.5" 
Stern (1977) e=0- 10 Stern derived the income elasticity of the marginal utility of 
income, which can be interpreted as the epsilon value (see Best guess of e below). He derived his estimates from data on consumer 
=2 maximising behaviour and data on government behaviour. 
Stevens (1959) e =0.5-0.75 Used attitudinal data on the well-being associated with different 
Schwartz (1974) levels of income. 
Winship (1976) 
Amiel, Y., J. Creedy c=0-5 Derived epsilon from questionnaires based on the leaky bucket 
and S. Horn (1996). experiment. Students in Australia and Israel were included in With a best the study. 
estimate of e= 
0.25 
Christiansen, V and s= -0.87 - 1.71 Derived the elasticity of the marginal welfare of income 
by 
E. S Jansen (1978). (depending on analysing data on indirect taxation in Norway. 
assumption 
made). 
Gevers, L, H. Glejser E=0.5 - 1.2 An empirical study, using questionnaires directed to students to 
and J. Rouyer (1979). find out their inequality aversion. 
Glejser, H, L. Gevers, 
Ph. Lambor and J. A. 
Morales (1977). 
Blundell et al (1994) s=0.8 Derived from consumer maximising behaviour. Quoted by [G] 
Atkinson (1995) and by Pearce & Ulph (1995). 
John Piggott (1987) 1968/69 to Personal income tax was used to derive the elasticity of the 
1975/76 marginal utility of income (TI) in Australia. 
s =2.07-2.57 
Table 6-2: Review of epsilon studies 
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The studies listed in Table 6-2, have either directly analysed the epsilon value in the 
Atkinson index, or have studied concepts that can be interpreted as the epsilon value (such 
as risk or the elasticity of the marginal utility of income). The trend seems to have been 
that quite a few studies in the 1970s approached the problem of finding a value of epsilon, 
but since then interest has diminished. 
6.2 Determining the epsilon value 
A number of different ways to reveal the value of epsilon have been suggested in the 
literature. Most CB-analysis literature suggests that the value should be decided by policy 
makers or be guided by past investment decisions. Others have proposed observing the 
past and/or current behaviour of the government, consumers or other parties in society, to 
reveal the implicit value of epsilon attached to behaviour (Stern 1977). Another way is to 
take a more direct approach where society or the government is confronted with surveys 
aiming to reveal the value they attach to income inequalities (Amiel et al 1996). 
There are two steps in deriving the epsilon value. The first, is to determine society's 
attitudes towards income inequality. The second is to convert this data/information into a 
value, which can be used in the analysis, in other words to interpret the data as the epsilon 
value. In some methods, the two steps are taken simultaneously and the epsilon value is 
derived directly. 
Step 1. Approaches to revealing society's attitudes towards income inequality 
The methods that are available to reveal society's attitudes towards income inequality 
have been divided into two categories. In the first category, here termed the direct 
approach, the attitudes in society are determined by allowing society to directly express 
their preferences or by analysing material where they have expressed their preferences. In 
the second category, the indirect approach, the attitudes in society are found by observing 
the behaviour or structure in society. 
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Direct Methods 
Collecting primary 
data through surveys 
or interviews 
Using secondary data 
from existing surveys 
or interviews 
Indirect Methods 
Estimating attitudes 
by observing 
consumer behaviou 
Estimating attitudes by 
observing governmertal 
betvviou or policies 
Figure 6-1: Overview of the main types of methods for deriving epsilon. 
Figure 6-1 illustrates the two methods. 
Step 2. Approaches to converting the aversion data into an epsilon value 
Where the epsilon value is not derived directly from the direct or indirect method, a 
technique for deriving the epsilon value from attitudinal data is necessary. In this thesis, 
two such methods will be reviewed. The first is a method based on deriving the elasticity 
of the marginal utility of income (or consumption). The second is the transfer efficiency 
method, which is based on Okun's law (Okun 1975). The main characteristics of the two 
techniques are explained below. 
The elasticity of the marginal utility of income/consumption indicates the rate at which 
the marginal utility of income/consumption changes with a change in income/ 
consumption. The elasticity of the marginal utility of income/consumption, is often 
denoted by µ, i, or F. If it is assumed that utility can be gained from the income (y) and 
that the utilities are (u), the utility function can be written as: 
(6-1) zs(Y) _ ýu(y, ) 
r=i 
The marginal utility of income is then: 
(6-2) u'(. v) =dy 
Where y; is income in income groups i. 
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It is normally assumed that this function is positive, but decreasing, i. e. there is 
diminishing marginal utility. It is the elasticity of the marginal utility of income that 
measures the percentage rate at which the marginal utility falls for every percentage 
increase in income. This factor is expressed as e in the following equation (Stern 1977). 
(6-3) u'(y) = By-` 
where B is a constant. 
Under certain conditions, such as optimal tax policy, the elasticity can be interpreted as the 
weight that for example the government puts on income redistribution. This is because 
when the government sets the tax policy, they implicitly integrate their attitude towards 
income redistribution into the system. Later, the way in which the elasticity can be derived 
from consumer behaviour (elasticity of marginal utility of consumption) and from 
government behaviour will be discussed. 
Transfer efficiency. One way of deriving the epsilon value, is to use the transfer 
efficiency formula and Okun's `leaky bucket experiment' (Okun 1975). It was Atkinson 
himself (1983) who used the analogy of the leaky bucket experiment when explaining how 
to derive the value of epsilon. Atkinson (1983) explained the approach through a `thought 
experiment', where he looked at how much a rich person would be prepared to lose in 
transfer costs (through administration, inefficiency costs etc. ) when distributing income 
from the rich to the poor. A transfer would only take place if the net benefit were positive, 
i, e. that the gain for the poor person was higher than the loss to the rich person. Therefore, 
if too much were lost in the transfer, the transfer would not take place. The amount a 
person is willing to lose depends on two things; his attitude towards how much leakage or 
risk people would be willing to accept when transferring the income and the distance in 
inequality between the poor and the rich person. The transfer formula for determining 
epsilon is written as in equation 6.4: 
1= 
dE 
x 
(6-4) log 
1=e 
log d 
x 
- log x 
log d 
d= the relative distance in income between the rich and the poor 
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x= the proportion of the transfer from the rich that is transferred to the poor 
Where x is the proportion of I unit of income that has to be transferred to the poorer 
person for the rich person to accept the transfer and d is the distance between the rich and 
the poor person. 
Another way of writing the equation (6.4) is: 
T* 
YR 
=T pY-R 
P 
(6-5) 
- log(TP / TR ) 
log(YR / YP ) 
Tp /TR = the proportion of the transfer from the rich that is transferred to the poor 
TR = Transfer to poor, Tp = Transfer from rich 
YR= Income of the rich, YP = income of the poor 
Example: Assume that a rich person has twice the income of a poor person (i. e. d=2), the 
rich person is about to transfer 11 to a poor person. He is prepared to lose 40p in transfer 
costs (i. e. x=0.6), what is the value of epsilon? 
1/0.6 = 2e; 
E=0.74 
This means that the rich person thinks that there would be net benefits for society, due to 
the transfer, as long as not more than 40% of the transfer is lost. If more were lost, then the 
gain by the poor person would be less than the loss that the richer person would 
experience, i. e. the net benefits would be negative. The epsilon value, or the aversion 
towards income inequality or preference for income equality, is 0.74. 
The distance between the rich person and the poor person has a vital role in this formula as 
there is diminishing marginal return, which will vary with the income level. The higher the 
income level of the receiver, the less the welfare gain from each unit transferred. 
Therefore a transfer from a very rich person to a rich person will not give as much increase 
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in welfare as a transfer from a very rich person to a poor person. It is clear that this 
technique is suitable for use in a questionnaire based approach where society can directly 
be asked or tested on their attitudes towards transfer efficiency. Further it is also 
applicable when deriving epsilon from existing studies that in one way or another reveal 
society's preferences or behaviour towards transfers. In this thesis, the transfer efficiency 
method has been applied to data derived through direct methods and the latter method, the 
marginal utility of income (consumption) has been applied to indirect data derived by 
observing the tax system. In the two next sections, the different ways in which epsilon can 
be derived from direct and indirect methods are reviewed and discussed. The epsilon value 
for the UK is derived for two sets of data 
The first step in determining the epsilon value, was to find methods which can be used to 
derive the epsilon value. Two types were listed, indirect and direct methods. These are 
analysed in more detail in this section, starting with the indirect method of observing 
consumer behaviour. 
6.3 Observing consumer behaviour - an indirect method 
Existing and/or past behaviour of different stakeholders in society could be used to reveal 
society's attitudes towards income inequality. For example, past decisions regarding a 
public policy could implicitly include value judgements regarding distribution. Two types 
of behaviour are of particular interest, consumer and government behaviour. The method 
described here belongs to what Brent (1984) called the "Imputational School". The main 
characteristic of this school is that it uses past behaviour (in the case below it is the past 
behaviour of the government or consumers), to derive the implicit value of preference or 
attitudes towards inequalities. 
By observing consumer behaviour in an economy, it is possible to reveal attitudes to inter- 
generational distribution. The basis for this is the preferences for distributing consumption 
or income within a period, which can be equated with how it should be distributed across 
time ([G] Atkinson 1997, personal communication). Therefore, by revealing consumer 
preferences for distribution across time, an estimate of preferences for distribution within a 
generation can be set. The elasticity of the marginal utility of consumption or income can 
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hence be an indicator of the rate at which consumption or income should be transferred 
across time and thus reveals the weight that consumers put on the distribution. Consumer 
demand, consumer investment and consumer choice can all be used to derive these 
implicit preferences. These three approaches were discussed in Stern (1977), where he 
derived estimates of epsilon ranging from 0-10, the work is briefly reviewed below. 
6.3.1 Allocation of consumer demand. 
How consumers allocate their goods within a period and over time is dependent on 
variables such as composition of the household, labour market status and income level. By 
examining consumer demand it is possible to estimate the parameters of household 
preferences that determine the allocation of goods within a period (and over time). Stern 
(1977) derives the elasticity of marginal utility of income from econometric demand 
analysis. Income elasticity, budget share and price elasticity are used to derive c. 
6.3.2 Consumer savings behaviour. 
Another method suggested, is analysis of savings behaviour to determine the value of 
epsilon. The argument behind this is that the transfer between people can be thought of as 
a transfer across time. Savings are an example of the latter. It is assumed a person is living 
on the investment income derived from a capital stock, and that he/she maximises the 
utility of consumption. A first order condition in this case, would be "that the rate of fall 
of the marginal utility of consumption should equal the rate of return on investment" 
(Stern 1977). By using this condition, Stern calculates e. Data on personal savings rate 
(say 10%), the long-run rate of return (of about 5%) and a discount rate of 2 '/z %, are used 
to arrive at an c of about 5. Note, that this is the marginal valuation of consumption. 
Different models of savings behaviour would give different values of e, and it is left to the 
user to choose an appropriate model. 
6.3.3 Choice under uncertainty. 
The argument behind this model is that in an uncertain situation a person will behave so as 
to maximise the expected value of a utility function. The utility function itself, can be used 
to measure the elasticity of the marginal utility of income. Stern describes a type of game- 
208 
theoretical method for estimating the utility function and also how to estimate c directly by 
using risk premium. In the case of the risk premium, the hypothetical question of how 
much a person would be willing to pay to avoid a gamble with income was asked. Stern 
concluded that the model `choice under uncertainty' gives an estimate of c which goes 
from - oo to + cc. In other words, the method is not particularly valuable when trying to 
establish a value of E. 
There have been some recent attempts to empirically estimate the epsilon value from 
consumer behaviour. [G] Atkinson (1995), suggested that epsilon should take a value of 
0.8 for the UK. He based this judgement on Pearce & Ulph (1995) who in turn used a 
study by Blundell et al (1994). To arrive at the estimate of 0.8, Blundell et al (1994) used 
data on inter-temporal substitution elasticity. As mentioned previously [G] Atkinson 1997, 
argues that thinking about `how consumption should be allocated over time' is analogous 
to thinking about `how it should be distributed among persons'. The purpose of the 
Blundell et al paper was to estimate the parameters of household preferences to determine 
the allocation of goods within the period and over the life cycle using micro data. The 
inter-temporal substitution elasticity (4), in table III is around 0.8 (Blundell et al 1994). To 
derive this number they use cross section data on over 70 000 households over a 17 year 
period. By adopting an iso-elastic utility function (where the utility function is defined so 
that the elasticity is independent of the level of consumption), the elasticity can be 
interpreted as the inter-temporal elasticity of substitution (Pearce & Ulph 1995: 11). 
Deriving the epsilon value through the elasticity of marginal utility of income revealed by 
consumer behaviour is complicated. Only a brief review of the different ways to do this 
has been given here. The issues that need to be dealt with and the criticism towards the use 
of behaviour to reveal epsilon are in many ways similar for both consumer and 
government behaviour, and are discussed in the next section. 
6.4 Observing existing government behaviour (tax system) - an 
indirect method 
The second type of indirect method available is to examine government behaviour and 
policies. Since the government is elected by society (in most cases), it can be argued that 
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government policies should reflect society's preferences. The government behaviour and 
policy analysed in this research, is the tax structure in society. In other words, the structure 
of personal income taxation is used to reveal the government's implicit attitudes towards 
income inequality. The tax system is one of the main tools available to governments when 
dealing with income inequalities". When redistributing income using the tax system, the 
government has two main instruments available; indirect and direct taxation. Indirect 
taxation is tax on goods and services while direct taxation applies to income and capital. 
The re-distributional effect of indirect taxation is achieved by using a differentiated tax 
rate (like VAT) on goods and services. In some cases, basic goods such as children's 
clothes and food are exempt from VAT. By examining the welfare loss/increase associated 
with changing indirect taxes, the implicit social preferences embedded in the indirect tax 
system can be revealed. Christiansen and Jansen (1978) did this for Norway. In their 
study, the implicit value of elasticity of the marginal utility of income derived ranged from 
-0.87 to -1.71, depending on the scenario. The indirect taxation method will not be 
elaborated further here; instead the focus will be on direct income taxation. However, it 
should be noted that indirect taxation set up for environmental purposes often has a 
negative redistributional effect as it sometimes necessary to make investments (such as in 
a catalytic converter) to counteract the indirect tax. This will be briefly returned to later in 
this chapter. 
The most important direct tax is tax on income and capital. Income tax is widely used on 
`equity' grounds. Income tax can have a positive re-distributional effect, mainly through 
progressive taxation59. To ensure progressive taxation, it is often common to combine a 
differentiated marginal tax rate with tax allowances. A tax allowance could for example 
ensure that a basic level of income for all individuals is exempt from tax. It should, 
however, also be pointed out that income tax could also have a disincentive effect as it can 
discourage savings (there is a tax on savings income) and it can also discourage work 
(substitution effect between work and income). 
58 Note that the tax and benefit system plays a larger role than just acting as an income redistribution tool, 
such as the fiscal role, this should be kept in mind in the discussion. 
59 Of course, as with indirect taxation, the income redistribution effect is also achieved by distributing the 
revenues from taxation. 
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The main rationale for using taxation data to reveal government attitudes towards income 
inequality is that taxes are often designed to have a redistributive effect. As said above, the 
tax system is one of the main tools available to the government when dealing with income 
inequalities. Therefore, it is likely that the design/structure of the tax system can reveal 
something about the government's attitudes towards reducing income inequality. This is 
why, by studying the tax structure, it is thought that the implicit government attitudes 
towards income inequality can be revealed. 
To correctly interpret a certain tax structure, it is important to know what rationale the 
government has applied. This means that it is necessary to know the type of policy the 
government based their design upon. There is often, for example, a conflict between 
efficiency and equity, when designing tax systems. Most governments try to take both of 
these issues into consideration when designing the system by using optimal taxation. 
However in this section, only the equity context will be discussed. 
Progressive taxation is often used to set taxes in an `equitable way'. One argument for this 
approach is that everyone should be taxed so that `equal sacrifice' occurs. A policy based 
on equal sacrifice implies that each income group experiences the same utility (welfare) 
loss from the tax system. Witte (1981) defined three different approaches that could be 
used in defining the tax system, based on the `sacrifice' approach. These are reviewed in 
the Table 6-3 below. 
Method Structure 
Equal Absolute If the government applies an EAS policy when constructing a tax system, they are 
Sacrifice (EAS) trying to build a system that will lead to a situation where the absolute utility loss 
from marginal taxation is equal for all income groups. This means that the utility 
loss from a marginal tax for a poor person will be exactly the same as the utility 
loss from a marginal tax for a rich person. 
Equal Proportional If the government applies an EPS policy when they construct the tax system, it 
Sacrifice (EPS) means that they are trying to achieve a system that can ensure that the ratio of 
post-tax utility between different income groups is equivalent to the ratio of pre- 
tax utility. 
Minimal Sacrifice If the government applies an MS policy, it means that they set up a tax system 
(MS) that will ensure that the loss of total post-tax utility is limited. The tax rate has 
therefore to be set with respect to the sum of utility of all income groups. This 
means that it might not be the lowest income rou , which gets the lowest tax. 
Table 6-3: Example of 3 different approaches for defining the tax system 
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By looking at the three approaches, we can see that the government must make some 
specific assumptions if the tax system is defined according to one of the principles above. 
For example, assume that the government bases the tax system on an EAS policy, where 
each taxpayer is `hit' by an equal utility loss from the tax. In order to be able to set such a 
tax, the government must make an assumption (which is based on their preferences), of the 
welfare (utility) impact of the `sacrificed' income. The government has therefore 
implicitly integrated in the tax structure the welfare weight of each income group, or in 
other words it has included the way in which the utility from income varies among the 
income groups i. e. the elasticity of marginal utility of income. If the government has used 
an EPS policy, rather than making an assumption about the marginal utility loss at each 
income level, an assumption is made about the relative marginal utility loss between 
income groups. i. e. how much more £l is worth to a poor person than to a rich person. To 
set the marginal tax rates in the MS method, the government must make a judgement not 
only about what weight the different income groups put on their own income, but also 
what weight they put on the income of other groups, so that total utility can be maximised. 
So, to summarise, the rationale for deriving epsilon from personal income and taxation 
data is that the government implicitly includes their preferences for income distribution 
when designing the tax system. By examining the underlying policy for the tax system and 
the assumptions made, the weight that the government puts on the different income groups 
can be revealed. Hence the government's distributional preferences and the elasticity of 
the marginal utility of income can be seen. 
6.4.1 Review of studies that have derived epsilon by using personal income 
tax statistics 
Two studies that have used personal income and tax statistics to derive government 
preferences to income distribution have been identified. These two studies and their results 
are briefly discussed below. 
Stern (1977) argues the importance of taking distributional considerations into account 
when appraising projects. In his study, he points out that one of the main difficulties in 
doing this is to find a way of weighting the distributional effects of the project. Stern 
argues that these weightings must come from the decision-maker. Stern therefore analyses 
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two approaches to deriving these weightings; one based on consumer behaviour and one 
on government behaviour. One of the methods based on government behaviour was the 
EAS policy. Stern fitted the `equal absolute sacrifice' model of income taxation to the UK 
tax structure for the year 1973/74. In his experimental calculation he was able to derive the 
elasticity of marginal utility of income for the year 1973/74. Stern arrived at an estimate 
of epsilon of 1.97. He points out that his estimate of epsilon (or rl as he refers to it as) 
should be carefully interpreted and should not be used directly as an estimate in analytical 
work. However, the method seems to be a valid one. This is also what Piggott (1987) 
noted when using a similar approach to derive the elasticity of the social marginal 
valuation of income (epsilon) from Australian tax statistics. 
Piggott (1987) fitted the EAS and EPS models to the Australian tax structure for the years 
1968/69 to 1975/76, using data derived from reports on the tax structure from the 
Australian government. 
Value of the absolute elasticity of the marginal Pooled annual 
utility of income over the period 1968/69 to data 
1975/76 
Equal Absolute Sacrifice 2.07-2.57 2.2 
model (EAS) 
Equal Proportional Sacrifice 1.76-2.40 2.11-2.15 
model (EPS) 
Table 6-4: Results for the value of the elasticity of the marginal utility of income from the 
Piggott (1987) study 
As can be seen, here too the value of epsilon is also about 2. The model of EAS that was 
used in both Piggott and Stern is formalised in the section below and then fitted to the UK 
tax structure. 
6.4.2 Example of a model for deriving the epsilon value from tax statistics 
The aim of this section is to outline a model that can be used to reveal the elasticity of the 
social marginal valuation of income implied in personal income and tax statistics. The 
model is based on the assumption that the government has used the Equal Absolute 
Sacrifice method when designing the marginal tax system. This implies that the level of 
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sacrifice that each income group should make, by paying tax, should be equally 
distributed. An equal absolute sacrifice tax should thus satisfy the following condition: 
u, (yp)-up(yp-tp(Yp)) = kp 
(6-6) u. (y, )-u1(Y1 -tr(Yr))=kr 
kp = kr = ka 
Where u= utility, y= gross income, t(y) = tax paid on gross income(y), `k' = constant, `p' 
stands for poor person, 'r' for a rich person and 'a' for all individuals. 
The formula above can be interpreted as the utility difference between gross and net 
income should be the same irrespective of the income level. This could be expressed in a 
general form as: 
(6-7) u(y) - u(y - I(y)) = ka 
The income utility function is defined so that it depends only on income. It is further 
assumed that all individuals have identical utility functions and that they are characterised 
by diminishing marginal utility. The utility function can then be written as: 
(6-8) u(y) =B11 y' 
Where a and B are constants. 
Under these conditions, a framework can be set up where a, the elasticity of marginal 
utility of income, can be derived. Stern (1977) and Piggott (1987) both did this. The 
procedure for doing this is as follows: 
Firstly, both (6.7) and (6.8) are differentiated with respect to income: 
(6-9) u' (y) -"' (y -/(Y))* 0- "(y)) =o 
(6-10) u' (y) = By 
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Then substituting (6.10) into (6.8), gives": 
(6-11) 
-E 
y-t ) 
=1-l'(y) 
taking the log, gives: 
log[l - i' (y)] = 6log 
y ly 
- t(y) 
(6-13) - 
log(1- t' (y)) 
s= log(Y /Y - 1(y)) 
Regression analysis is then used to determine the value of epsilon implied by equation (6- 
13). The denominator in (6-13) is regressed on the numerator. Epsilon is then read off as 
the slope of the curve. Thus, by assuming EAS, the weight that the government has 
implicitly integrated into the tax system has been derived (expressed as the elasticity of 
marginal utility of income). 
In figure 6-2 below, formula (6-13) is shown graphically. The Figure shows the regression 
analysis. The Figure has been adapted from Stern (1977: 231). 
By -` =B (y - t(Y))-"` (1 - t'(Y)) 
60 B -, y=1- r'(y) 
B(y - t(y)) -' 
y, 
=1- t'(Y) 
(y-t(y))-' 
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Figure 6-2: Illustration of the epsilon value using the EAS method 
Epsilon is read off as the slope of the curve, which in this case is 1.97 (Stern 1977). The 
Figure shows the relationship between the marginal rate of taxation and the pre-tax income 
relative to post tax income. The higher the marginal tax rate, the higher the expression 
[y/(y-t(y))], indicating that the marginal utility of income decreases with income and thus 
a higher marginal income tax can be assigned to a higher income. In the section below, the 
values for epsilon have been derived for the UK over the time period 1974 -1996. 
6.4.3 The tax system in the UK 
The UK tax system for personal income consists of a mixture of direct and indirect taxes. 
The emphasis here will be on direct income taxation. The UK income tax structure is 
based on a mixture between tax allowances and progressive marginal tax rates. The 
marginal tax rate is applied to all income liable to tax - `taxable income', which is defined 
as gross income minus the tax allowance. The marginal tax rate has varied over the years, 
however, it has always been progressive. During the 1970's the marginal tax rates were 
characterised by 10 different rates, with a maximum of 83%. During the 1990s the norm 
has been to use 2-3 tax rates and a maximum of 40%. As the personal allowance ensures 
that a minimum income is not taxed, it could be said that a zero rate is present in the UK 
marginal tax structure. 
Different types of tax allowances exist in the UK tax system. The personal allowance is an 
unrestricted allowance, this means that no tax is paid on the income offset by the 
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allowance. The level of `personal' allowance determines at what income level tax becomes 
due, this is also sometimes referred to as the "tax threshold". In 1996/7, the personal 
allowance amounted to £3765. This means that on the first £3765 of income earned, no tax 
is paid. All other allowances are restricted allowances" and apply to specific 
circumstances. For example the married couple allowance is 15% of the first £1830 of 
taxable income. In Table 6.5 below, the tax rate for 1996/97 is shown. Note that the 
marginal tax rate is only applicable to taxable income. So in effect, if the personal 
allowance is £3765, the income range at which the marginal tax rate starts is £3765 - 
£7865. 
Income range (£) Marginal tax rate 
1996/97 
1- 4100 20% 
4101 -26100 23% 
26__1_01+ 40% 
Table 6-5: Marginal tax rate in the UK 1996/97 
The Inland Revenue in their annual report publish data on income and tax: Inland Revenue 
Statistics. The section `personal incomes' provides information about personal incomes 
and tax liabilities in the UK. In this document the necessary data for the purpose of this 
section can be found (such as income, tax and marginal tax). 
By analysing gross and net income data for the UK, it is evident that the UK tax system 
reduces the inequality of income, i. e. the marginal and the average tax62 is progressive. 
Table 6.6 below, showing the Gini coefficient for different income definitions during the 
years 1977 and 1996, confirms that the UK tax system has a re-distributive effect. 
61 i. e. allowances restricted to certain groups in society, such as marriage allowance, blind person's 
allowance. 
62 Average income tax rates are usually lower than the marginal tax rate. The reason for this is the existence 
of tax-free allowances at the bottom of the income scale. The tax allowance also ensures the tax rate is 
progressive. 
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Gini Coefficient (per cent) 
Equivalised Equivalised Equivalised Equivalised 
Year original gross disposable post-tax 
income income income income 
1977 43 29 27 29 
1979 44 30 27 29 
1981 46 31 28 31 
1983 48 32 28 31 
1985 49 32 29 32 
1987 51 36 33 36 
1989 50 36 34 37 
1991 51 37 35 39 
1993/94 54 37 34 38 
1994/95 53 37 33 37 
1995/96 52 36 33 37 
Table 6-6: Gini coefficient for different income definitions in the UK between 1977 and 
1995/96 
Source: ONS (1997). Economic trends No 520. Appendix 2. Table 1, p. 53. March 1997. 
As can be seen, disposable income (income + cash benefits" - direct taxes), has a lower 
Gini coefficient than original income, indicating that taxation has had a re-distributive 
effect. However, looking at the post tax income (where indirect taxes have been deducted), 
it can be seen that the dispersion of income has increased slightly. This confirms the view 
that direct taxes often have a positive effect on redistribution while indirect taxes have a 
negative effect. 
One of the most important questions, for the purpose of this research, is the kind of 
taxation policy the UK bases its tax system on. Over time the UK tax system has changed 
from having many (often quite high) marginal tax rates, to fewer and lower rates. The 
latest decrease in the marginal tax rate was in 1999 year's budget, where the Chancellor of 
the Exchequer (Gordon Brown) lowered this to 10%. The argument for this tax rate was 
that it would be re-distributional and encourage work: 
"The tax cuts I have made today are tax cuts for a purpose, 
tax cuts that encourage work and make work pay, that help 
all middle and lower income families, tax cuts for the many 
and not just the few and at the best time for the economy" 
(Chancellor of the Exchequer: Gordon Brown 9/3/1999). 
63 
pensions etc. 
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At the time of writing, the UK has a basic rate of income tax at its lowest level for 70 
years. However, the tax rate in the UK is still thought to be progressive. It is likely that the 
UK government has based their tax policy on the equal sacrifice method (equal loss of 
utility for each tax payer), following Stern (1977) the rest of the chapter analyses the data 
assuming that they have done so. The equal sacrifice method is one of the fundamental 
concepts in distributive justice (Ok 1995). 
6.4.4 Deriving epsilon from the UK tax structure 
Values for epsilon have been derived for the UK by fitting income and tax statistics for 
various years during the period 1973/94 to 1996/97 to formula (6.13) above. The data used 
has been taken from Inland Revenue statistics (various years). Income (y) was either the 
taxable or total income per individual, the tax payment (t(y)) was taken as the average tax 
paid on the income, the marginal tax rate (t'(y)) was that linked to the income. 
Taxable income"' is the most appropriate income to use in the model (Piggott 1987: 93), as 
it is this income data that can be supposed to have been used in developing the EAS 
system. The Inland Revenue reports two types of taxable income, that of `taxpayers only' 
and that, which includes `all income'. In `all income', everyone who earns above the 
threshold is included, but whose allowance and tax relief render them not liable to tax. 
While those reported in `taxpayers only', is restricted to those who actually pay tax. Note 
that in the analysis below, for those years where `all income' was not reported, `taxpayers 
only' had to be used as a basis. Dividing total derived income data per individual, by the 
number of incomes. 
The tax payment (associated with the income) per individual was derived in a similar 
manner. The average tax per person is not equal to the marginal tax rate multiplied by the 
income, due to the existence of tax allowances and a progressive marginal tax rate. The 
marginal tax rates associated with the different income levels are also reported by the 
64 Taxable income is defined by the Inland Revenue as gross income for income tax purposes less any 
allowances and relief available at the tax payer's marginal rate. 
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Inland Revenue65. In Table 6-7, the types of statistics that have been used to find values for 
the variables in formula (6.13) are reproduced (for year 1995/96). 
1 2 3 4 5 6 7 8 9 
Number Income Income Income Tax Tax per Marginal -log(1-t'(Y)) log(Y/(Y-t(Y)) 
of before before tax adjusted with person tax rate 
incomes tax per personal 
person allowance 
465 i 8ßa 3871. 
.... .... 
'' 
.. ............. .. 
3.. 
.. :.... 
0.2 !. 0 7..... 006 
976 4140 4242 477 49 50 0.2 0.097 0.048 
1010 4780 4733 968 100 99 0.2 0.097 0.047 
1080 5680 5259 1494 180 167 0.2 0.097 0.051 
909 5220 5743 1978 220 242 0.2 0.097 0.057 
1840 11900 6467 2702 680 370 0.2 0.097 0.064 
1630 1,220.0 74 8 3720 910 58 ü 24 Q.. 11 0.071 
3090 27800 8997 5232 2690 871 0.24 0.119 0.079 
2830 31100 10989 7224 3770 1332 0.24 0.119 0.089 
3470 46700 13458 9693 6530 1882 0.24 0.119 0.094 
3980 69000 17337 13572 10900 2739 0.24 0.119 0.098 
3770 9038¬ O 24E18ß 20320 16000 4244 0.4 0.222 0.102 
1550 57500 37097 33332 12600 8129 0.4 0.222 0.121 
491 32400 65988 62223 9270 18880 0.4 0.222 0.157 
111 14900 134234 130469 4940 44505 0.4 0.222 0.181 
43 18900 439535 435770 6900 160465 0.4 0.222 0.199 
Table 6-7: Tax statistics for the UK 1995/96 
Table 6-7 shows the data used to derive epsilon from tax statistics for the year 1995/96. 
Each income level (where personal allowance has been taken into account) was matched 
with the appropriate marginal tax rate (column 7). For example, all adjusted incomes up to 
a level of maximum £3900 were assigned a rate of tax of 20%. 
The data was then put into formula (6-13) and the results are displayed in the last two 
columns in Table 6-7. 
Initially a regression analysis was carried out for each income group. However, the 
significant result came from those in income groups where a new marginal taxation rate is 
65 The different marginal tax rates and the band of taxable income in the UK 1995/96 are shown below. 
Rates of income tar Bands of taxable income (f) Rate of tax (%) 
Personal allowance 0-3.765 0 
Lower rate 1-3.900 20 
Basic rate 3.901-25.500 24 
Higher rate Over 25.500 40 
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applied. In Table 6-7 above, these income groups are shaded grey. The two last columns in 
Table 6-7, were plotted against each other (using only the data points where the marginal 
tax rate changed), and epsilon was read off as the slope of the curve. In the above case 
epsilon turned out to be 1.97, however the fit was not so good (R2 = 0.88). 
In Table 6-8, the results from running the regression analysis for years between 1973/74 to 
1996/97 are displayed. 
1 
Year 
2 
Epsilon 
3 
R2 
4 
Personal Allowance (£) 
5 
Data Source 
1973/74 1.97 0.987 1500 SteM66 
1973/74 1.95 0.994 1500 Stern my calculation 
1973/74 2.11 0.982 595 Inland Revenue 
1974/75 2.26 0.936 625 Inland Revenue 
1975/76 2.59 0.935 675 Inland Revenue 
1976/77 2.74 0.907 735 Inland Revenue 
1983/84 2.17 0.896 1750 Inland Revenue 
1985/86 2.68 0.95 2200 Inland Revenue 
1986/87 2.71 0.87 2330 Inland Revenue 
1987/88 2.97 0.922 2420 Inland Revenue 
1988/89 2.76 0.976 2605 Inland Revenue 
1989/90 2.99 0.706 2785 Inland Revenue 
1990/91 2.1 0.585 3005 Inland Revenue 
1991/92 2.31 0.978 3295 Inland Revenue 
1992/93 2.2 0.997 3445 Inland Revenue 
1993/94 2.08 0.997 3445 Inland Revenue 
1994/95 2.08 0.997 3445 Inland Revenue 
1996/97 1.97 0.884 3765 Inland Revenue 
Table 6-8: Calculated epsilon value for the UK using income tax statistics 1973/74 - 1996/97 
The epsilon value in column 2 can now be interpreted as the slope (elasticity) of the 
marginal utility of the income function. It thus indicates how the utility (disutility) 
decreases (increases) with increased income (taxation). The higher the value of epsilon, 
the faster the utility (disutility) from income (taxation) decreases. Since in this model it 
was assumed that an EAS policy underlies the taxation structure, epsilon indicates how the 
government assumes that the utility (disutility) from an income increase (decrease) affects 
society. They have, therefore, by defining the slope of the curve, implicitly included their 
preferences. Ideally, for the results to be considered robust, the R2 value should be above 
0.95, which is not the case for all years in this study. In both the Stern and the Piggott 
66Note that Stem used a higher personal allowance, as he calculated an allowance for a family with two 
children and a medium sized mortgage (married mans allowance + children's allowance + mortgage 
allowance), while this study only takes personal allowance into account. 
221 
study, this was the case. One of the reasons may be that the data used includes both 
employment income and investment income, which may have slightly distorted the results. 
6.4.5 Discussion 
In the above analysis, preferences for equality have been derived from the income tax 
statistics in the UK, by deriving the epsilon value. The epsilon value can be interpreted as 
a parameter of a social welfare function that determines the rate at which welfare increases 
in response to a change in income. From the UK data, it can be seen that the value of 
epsilon has been characterised more or less by an increasing trend during 1973-1989. 
During the 1990s, the value of epsilon has been falling, indicating that the concern for 
income inequality that was reflected in the taxation policy is less. The higher the value of 
epsilon, the faster the rate of proportional decline in welfare weightings to proportional 
increase in income. This highlights the importance of taking distribution into account 
when measuring social welfare. 
The above analysis has assumed that the UK government applies an EAS policy when 
setting marginal tax rate and the level of personal allowance. This signals that the tax rate 
is set so that each income group should experience the same marginal utility loss from an 
increase in the tax rate. It can therefore be said that the government has implicitly made a 
judgement of the welfare (utility) that each income group associates with an income 
decrease (or increase) by integrating their preferences into the tax system. 
It must, however, be kept in mind that there are many other variables than the income 
redistribution variable influencing the policy maker when designing the tax system. 
Another important point when deriving society's attitudes towards income redistribution 
from government policies, is whether or not society agrees with the policies. One way of 
assessing this could be to analyse the results from attitude surveys such as the 
International Social Survey Programme - ISSP (see section below). In both the 1987 and 
1992 social inequality surveys, the respondents were asked to describe the taxes today. 
They were asked how they thought taxes were for those with high, middle and low 
incomes. They could indicate an answer ranging from `Much too high' to `Much too low'. 
The results are summarised in Table 6-9 and expressed in percentage. 
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How are the 
taxes for those 
with: 
High incomes Middle 
incomes 
Low incomes 
1987 1992 1987 1992 1987 1992 
Much too high 7.5 4.4 8.7 5.2 38.5 31.3 
Too high 16.9 14.1 32.3 32.9 48.0 50.8 
About right 34.9 36.8 53.8 55.8 12.6 17.2 
Too low 31.5 35.8 4.9 6.01 0.7 0.5 
Much too low 9.21 8.9 0.4 0.1 0.3 0.2 
Table 6-9: Attitudes towards taxes, results from the ISSP study in percentage rates 
As can be seen, for low incomes the majority in both 1987 and 1992 thought that the taxes 
are much too high or too high, while the taxes for high-income earners were about right or 
too low. This indicates that the majority of people in middle and high income groups agree 
with current tax policies, while the low income groups would like to see lower income tax 
and therefore a higher redistributional effect through taxes. Note however, that, those 
people who were in the high-income group and were asked this question, did not always 
classify themselves as high-income earners, and therefore advocated a redistribution that 
would affect them without realising it. A report published by the Swedish ESO in Sweden 
in March 2000 (ESO 2000), opened up a debate on the impact from direct taxes on 
redistribution in a society. The report suggests, with the support of statistical analysis, that 
the desired redistributional effects from high direct taxes have had an opposite effect. In 
fact high direct taxes have led to increased inequalities in the economy. 
6.5 Primary data through surveys 
The second approach to deriving attitudes towards income inequality is the direct method. 
Two direct methods are analysed and discussed; the use of primary data collected through 
surveys and the analysis of secondary data derived from an international attitude survey 
(ISSP). The epsilon value could be calculated from both of these methods by using the 
transfer efficiency formula. An epsilon value for the UK and Sweden is derived using the 
ISSP study. Examining a ranking and an income inequality measure test the robustness of 
the epsilon value. 
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Attitudes towards inequality can be found by conducting a survey asking people about 
their attitudes. A survey could take many forms, for example telephone interviews, 
personal interviews or questionnaires. Here, the discussion is limited to the most cost 
efficient method; - written questionnaires. The main advantage with self-conducted 
surveys is that exactly the questions that need to be asked, can be asked. The downside is 
that it is often both time-consuming and costly. Further, due to the costs, the population 
sample will be limited and so too the possibility to make inter- and intra-country 
comparisons. 
To ensure that the correct questions are asked, the design of the questionnaire is important. 
The questions must be asked so that the answers in this case are easily convertible into the 
value of epsilon. One way of doing this is to use a range of questions based on transfer 
efficiency and Okun's `leaky bucket experiment' (Okun 1975). A questionnaire based on 
this approach will ask questions regarding the sensitivity to transfers between different 
income groups. The questions in the survey, should therefore be directed to finding out 
how much `leakage' or `risk' people would be willing to accept when transferring income 
from a higher income group to a lower income group (in order to smooth out inequalities). 
In 1996 Amiel et al used this approach to directly measure student inequality aversion at a 
university in Australia and at a university in Israel. The main aim of their study was to 
measure individual attitudes towards inequality aversion. The attitudinal data could then 
be integrated into the three different types of inequality measures that they used (all based 
on the social welfare model). For example, the epsilon value for the Atkinson income 
inequality measure was derived using the data from the survey. 
The questionnaire consisted of 16 different questions, all about transfer efficiency between 
different income groups. The first four questions were based on two individuals being 
involved in the transfer. Type of question asked: For a transfer between person A to B, 
what is the minimum that needs to be given to B, for the transfer to be worthwhile? i. e. 
what is the size of the loss that you are prepared to tolerate for the transfer to be 
worthwhile? This question was asked for different transfer amounts. The next 12 questions 
were of the same format, but with a society of 6 people, with different income levels. 
From the answers, the minimum amount that the receiving party of the transfer must get 
for the transfer to be worthwhile could be derived. Since the distance in income between 
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the different people in the society was known, the epsilon value could be calculated as in 
the transfer efficiency formula in equation 6.5 above (Amiel et al 1996). Table 6-10 is an 
example of a question. An example of a questionnaire can be found in Amiel ei al 1996. 
Example of survey question (adapted from Amiel et a! 1996) 
Assume that we live in a dual economy, where there is one rich person (R) and one poor person (P), how 
would you respond to the following scenario? 
R has twice the income of P, who has £5000. 
- If £1 is taken from R, what in your view is the minimum that needs to be given to P to make the transfe 
worthwhile? 
- What if £100 is taken from R? 
- What if £ 1000 is taken from R? 
Table 6-10: Examples of survey questions 
As can be seen from the question the relationship in income between the rich and the poor 
(Yp £5000 and YR £ 10000) is given. Further, the amount transferred from the rich person 
(TR) is given in each case. To derive epsilon in this case it is a simple matter of putting the 
answers with the given details into the transfer efficiency formula (as in equation 6-4). 
Assume the answers are as follows: la = 0.8, lb = 70, and 1c= 500 
Then we get the following values of epsilon: 
- Scenario a) 6 
log(0.8/1) 
- = log(2) - 
0.32 
- log(70/100) _ Scenario b) ý= log(2) - 
0.51 
- log(500/1000) Scenario c) e= log(2) 
1 
From the Amiel et al study (1996), the epsilon parameter derived from the students in 
Israel, turns out to be around 0.19, while the epsilon parameter derived from the results in 
Australia, is about 0.25. Amiel et al (1996) acknowledges that this value is significantly 
lower than those used by those measuring inequality and examining optimal tax structures. 
They defend this lower value by referring to similar results (Blinder 1978 as referenced in 
Amiel et al 1996) and that the order of magnitude of epsilon found in the study (0.25) 
would produce an optimal tax rate of about 20% (Amiel et al 1995). They suggest that the 
lower value should be considered when examining optimal tax models. 
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As will be seen in later sections, the type of data that the transfer efficiency formula could 
be applied to varies. It does not necessarily need to be based on questions regarding 
transfers of incomes between different income groups but could also, for example, be 
based on perceived and preferred income levels. ` 
6.6 Secondary data derived from existing direct surveys 
The second suggestion for measuring inequality aversion and deriving the value of 
epsilon, is to use data from existing attitudinal surveys. The advantage of using data from 
existing surveys rather than collecting primary data, is that it is cheaper and less time 
consuming. However, the disadvantage is that it is not possible to influence the questions 
asked. This can be a particular problem when deriving the epsilon value, as the data must 
be converted onto an epsilon scale. However, as will be shown in this section, there are 
several ways in which existing survey data can be used to derive the value of epsilon. 
6.6.1 Surveys 
Since the middle of the 1970s, many countries have performed surveys of attitudes in 
society. For example, social attitudes have been measured in the USA since the 1970s 
through the General Social Survey (GSS) of the National Opinion Research Centre. In 
Britain, the Social and Community Planning Research (SCPR) is responsible for the 
British the Social Attitude Survey (BSA) and in Germany the Zentrum für Umfragen is 
responsible for the Allgemeinen Bevolkerungsumfragen (ALLBUS). This means that there 
is no lack of studies, which in one way or another have tried to capture the attitudes 
towards inequality in society. However, one of the problems with these surveys is that 
they are rarely internationally comparable. The questions asked, the structures of the 
surveys and the emphasis differ too much. In 1983, a number of institutions in different 
countries (involved in measuring attitudes) met to exchange expertise and information. 
This meeting became the beginning of work towards improving cross-national 
comparability of attitude surveys. The International Social Survey Programme (ISSP) had 
been formed. In 1985, the first cross-national survey took place, examining attitudes 
towards the role of the government. In this study, 12 member countries took part, by 1998 
the number of member countries had grown to 22, and a further 13 studies had been 
performed. The ISSP surveys are one of few surveys that are intra- and inter 
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generationally comparable. The 13 different surveys are listed in Table 6-11 below. The 
aim of ISSP has been to repeat each study every 5 years, in order to also be able to make 
inter-generational comparisons67. 
Year Attitude Survey Year Attitude survey 
1985 The Role of the Government I 1992 Social Inequality II 
1986 Social Networks and Support Systems 1993 Environment 
1987 Social Inequality I 1994 Family and Changing Sex Roles II 
1988 Family and Changing Sex Roles 1995 National Identity 
1989 Work Orientations 1996 Role of Government II 
1990 Role of the Government II 1997 Work Orientation II 
1991 Religion 
Table 6-11: Attitude survyes by the International Social Survey Programme 
As can be seen in the Table 6-11, the first survey on social inequality was conducted in 
1987. Eight countries took part in the survey (another 4 countries conducted the survey at 
a later date). A second survey took place in 1992 by 17 member countries; a third survey 
is planned for 199968. As with other ISSP surveys, the questions were designed jointly by 
the ISSP members and it was the responsibility of the member countries to finance and 
conduct the studies. Each responsible national institution sent the questionnaire to a 
chosen population sample (in some countries this was done in conjunction with a larger 
national survey). 
The main aim of the two social inequality surveys has been to capture and reflect society's 
attitudes towards different aspects of inequality. In Table 6-12 below, a number of 
indicators used in the study are listed together with some of the questions asked. The 
summary of the indicators has been adapted from Boyum (1994). The questions have been 
taken from the 1987 study; they changed slightly in the 1992 study. 
67 The responsibility for performing the studies lies with the individual countries, and there is no core 
funding for the different ISSP member organisations. To avoid high costs, self-completion formats are used 
and the countries have to translate the results into British English for comparability purposes. 
6S At the time of writing not yet published. 
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INDICATORS TYPE OF QUESTIONS 
Degree of economic Questions about people's perception of what a person in different occupations 
inequality - should earn and what they believe they actually earn. By asking these questions, 
perceptions and both the preferred inequality and the perceived inequality are captured. This gives a 
preferences good basis for people's attitudes towards current distribution of income. When 
comparing between countries it provides an understanding of how different 
countries value different distributions of income. 
Social Mobility Questions regarding the possibility to change/improve one's living standard (if the 
external environment does not change). What type of factors influence one's living 
standards? 
Questions about social mobility reflect whether there is a set class structure, or if 
anyone can achieve the `American dream', if they work hard enough etc. 
Getting ahead in life - Questions regarding how important certain variables are for 'getting ahead in life'; 
what factors are decisive such as coming from a wealthy family, having well-educated parents, having a 
and what ought to be good education, having ambition, having natural ability, hard work, knowing the 
decisive? right people, having political connections, a person's race, sex, religion, where they 
come from, political beliefs etc. 
Questions on whether education decides higher income, how important pay is to 
get people to work hard, how important pay is for taking on extra responsibility, 
whether workers would bother to get skills and qualifications unless they were paid 
extra for having them, whether people would study unless they could expect to 
earn more than ordinary workers 
Attitudes towards Questions regarding attitudes towards government interventions (such as taxes) to 
policies of redistribution deal with inequalities. To what extent, if at all, should the government intervene? 
Should the government provide a job for everyone, spend less on benefits for the 
poor, provide a decent living standard for the unemployed, whether everyone 
should have a guaranteed basic income. Also questions about current taxes, how 
they affect the rich, middle and low earners, and whether those with high incomes 
should pay a larger share of their income in taxes than those with low income. 
Economic inequality - Questions about to what extent the government has a responsibility to reduce 
functional or product of income inequalities. Further, what other responsibility government has, such as 
power whether they should provide more chances for children from poor families to go to 
university. 
Questions about why inequality exists, Does inequality continue to exist because 
ordinary people do not join together to get rid of it? Whether large differences in 
income are necessary for prosperity. Is allowing business to make good profits is 
the best way to improve everyone's standard of living? Whether inequality exists 
because it benefits the rich and powerful. 
Opinions on the conflict How much conflict is there between rich and poor people, between those with jobs 
among social groups and those without, between management and workers and between young and old? 
Developments in class Questions about your father's job status and your own. 
structure 
One's own ranking by Questions about, how one ranks oneself in society are important - to assess one's 
social status and class relative position. The relative position is important in respect to how one perceives 
the level of welfare associated with ones income. Questions about a person's first 
job and in what decile income group a person puts themselves are asked. 
Table 6-12: Examples of questions from the 1992 ISSP social inequality survey. 
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The data is stored in the ISSP official data archive (Zentralarchiv) at the University of 
Cologne. Data for the British study is also available through the Data Archive at Essex 
University (the British Social Attitude Survey). In the following section, data from both 
the 1987 and the 1992 social inequality surveys will be used. The main analysis will be of 
UK data from the 1987 and 1992 social inequality surveys. Comparison with Sweden will 
be made where appropriate (data only available from the 1992 social inequality survey). 
The data used in this document has been taken from the ISSP web page (ISSP 1999). 
6.6.2 Analysis of the ISSP data 
By analysing the ISSP data it has, for the purposes of this study, been concluded that it is 
possible to use the data in three different ways. 1) to directly derive the epsilon value, 2) to 
reveal the general attitudes towards income inequality, 3) to create a relative scale of 
inequality to use for international comparisons. 
Analysis and examples of how this can be done are given in the sections below. First the 
data on the perceptions and preferences of economic inequality are analysed. This data is 
used to directly derive an epsilon value and also to derive income distribution indexes. 
Next the ISSP data from questions that produce ranking answers are analysed. This is then 
used to create an income inequality aversion scale. Finally, data from ISSP questions, 
which give a relative percentage answer about attitudes towards income inequality, are 
analysed. This data is used to derive a relative ranking scale. The reason for not only using 
the data to derive the epsilon value, but also an income inequality index, was that the 
robustness of the epsilon value had to be tested. Both the raw data and the inequality index 
are used to test robustness of the epsilon value. 
6.6.3 Data on the degree of economic inequality - perceptions and 
preferences 
A substantial part of the ISSP social inequality study is concerned with society's 
perception and preferences towards the degree of economic inequality. Included here are 
questions regarding the respondents perception (how much do you think they earn? ) and 
preferences (how much should they earn? ) of the income of a number of different 
occupations. The questions are set so that each respondent is asked to indicate what he/she 
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thinks a number of occupations earn and secondly what he/she thinks they should earn. In 
Table 6-13, the data from the ISSP study in 1987 and 1992 for the UK is shown. 
DATA FROM ISSP STUDY FOR THE UK 1987 and 1992 
In £ (yearly income) 
The 1987 study Estimated The 1992 study Estimated 
actually Should % change Real actually Should %change Real 
earn earn change earn earn change 
Skilled worker 9822 11091 12,9 1268 Skilled factory worker 19155 18785 -1,9 -369 
Doctor 21263 21841 2,7 578 Doctor (GP) 38073 40628 6,7 2555 
Small shop owner 10956 12098 10,4 1142 Small shop owner 21570 25439 17,9 3869 
Chairman (company)' 90345 51361 -43,1 -38984 Chairman' 164073 86085 -47,5 -77988 
Farm worker 6503 8931 37,3 2428 Farm worker 13615 19837 45,7 6221 
Unskilled worker 6084 7329 20,5 1245 Unskilled factory worker 12341 13691 10,9 1349 
Cabinet minister' 39113 28053 -28,3 -11059 Cabinet minister' 64833 47617 -26,6 -17217 
Secretary 7572 8180 8,0 608 Shop Assist (dep store) 13009 16073 23,6 3064 
Busdrlver 7978 8851 10,9 873 An appeal court judge' 86711 60526 -30,2 -26185 
Bricklayer 9638 10384 7,7 746 Owner/manager of factory* 76567 61503 -19,7 -15064 
Bank clerk 8602 8986 4,5 384 Solicitor' 54631 43883 -19,7 -10748 
SUM 199636 157735 31 41900 SUM 433381 328680 -1 104701 
Table 6-13: Perceptions and preferences of level of income in different professions in the UK 
1987,1992. 
The first column is the name of the occupation for which the respondent was asked to 
indicate what he/she thought that they earn (column; estimated actually earn) and what 
they should earn (column: should earn). The figures are in mean income in £ per year 
(gross). Table 6.13 should be interpreted so that, for example, in 1992 the response to the 
question of what a cabinet minister earns per year was about £65000, and the mean 
response to how much he should earn was about £48000, a difference of almost 27%. 
It is here suggested that it is possible to derive the epsilon value by using the data on 
perceived and preferred income levels (as in Table 6.13 above), using the transfer 
efficiency formula (equation 6-5). From Table 6.13 it can be seen that in both 1987 and 
1992 UK society perceived the differences in income among different occupations as 
being larger than they would prefer them to be. In other words, it seems that society would 
like to see a more equal distribution of income. Thinking in terms of transfer efficiency, 
the difference between perceived and preferred income for the `high earners' (those 
marked * ), could be interpreted as the income which ought to be transferred from the rich 
to reduce inequalities. Further, the difference between perceived and preferred income 
among the lower income groups could be interpreted as the income transferred to the 
`poor' to reduce income inequalities. As can be seen, there is a difference between what is 
transferred from the rich and what is received by the poor, this could be interpreted as 
what society is prepared to lose in transfer costs due to redistribution of the income. 
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To be able to apply the transfer efficiency formula, the following assumptions and 
interpretations of the data must be made: 
- The amount that the respondent has indicated as the amount that each occupation earns 
today is assumed to be the amount of income that each occupation earns before any 
redistribution is made. 
- The amount that the respondent has indicated as the amount that each occupation 
should earn is assumed to be the amount of income that each occupation earn after the 
redistribution. 
- The difference between what the respondent thinks each occupation actually earns and 
what it should earn is assumed to be the transfer cost lost in the distribution. 
Note that in 1987, the high-income groups are assumed to be Chairman and Cabinet 
minister. The occupation Doctor, for whom hardly any change is advocated, could either 
be excluded from the calculation or classified as a high-income earner. The rest of the 
occupations are classified as low-income earners. In 1992, the high-income groups are 
assumed to be: Chairman, Solicitor, Owner/manager of large factory, Judge and Cabinet 
minister. The occupation `Skilled Factory Worker', where hardly any change is advocated, 
can either be excluded or classified as a low-income earner. The rest of the occupations 
are classified as low-income earners. 
The results from applying the transfer efficiency formula using data from the ISSP study 
to the UK and Sweden are shown in Table 6-14. Note, that the questions changed slightly 
between the 1987 and the 1992 survey. To deal with this, only those answers to questions, 
which were asked in both years were used as a basis for calculating the epsilon value. The 
perceived and preferred income level for the first seven different occupations as presented 
in Table 6-13 above, were addressed in both studies. It is therefore on the basis of these 
seven occupations that the epsilon value has been calculated. 
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UK 1987 UK 1992 Sweden 1992 
(f/year) (f/year) (SeK/month) 
Average transfer from rich (TR ): 25022 31858 6697 
Average transfer to poor (Tp): 1332 3499 1768 
Average income of rich (YR): 64729 82687 33670 
Average income of poor (Yp): 10926 21400 12666 
-1og(TP /TR _ E 109 (YR /YP ) 1,65 1,63 1,36 
Table 6-14: Epsilon value for the UK and Sweden derived from ISSP data 
Using these assumptions and the transfer efficiency formula, the epsilon value turns out to 
be 1.65 in 1987 and 1.63 in 1992 for the UK. In Sweden, data is only available for 199269. 
Using the same technique as described above, the epsilon value for 1992 turned out to be 
1.36. This data indicates that the concern for income inequality has decreased slightly in 
the UK between 1987 and 1992, and that the aversion to income inequality was lower in 
Sweden than in the UK in 1992. 
6.6.4 Data on ranking 
The second type of data that can be retrieved from the ISSP study is from questions that 
are formulated so that the answers they produce are expressed as a ranking measure. The 
reason for examining the data from these questions is that they can be used to create an 
inequality aversion index, which can be used to assess the aversion towards income 
inequality in society. This is one way of confirming the robustness of the result derived 
from the data in the previous section. The data for the UK used here is also derived from 
the ISSP study. The example given and discussed below is based on Szirmai (1986). The 
term `ranking data' means that the questions are structured so that either the respondent is 
asked to rank a set of alternatives or he/she is asked to say how much he/she agrees with a 
statement. An example of a structure of the question is given below. 
69 Note, for Swedish 1992 data, the same classification system as in the ISSP 1987 survey was used. 
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Do you agree or disagree with the following statement (tick one box in each line): 
Question: Differences in income are too large 
Strongly agree Q 
Agree Q 
Neither agrees nor disagrees Q 
Disagree Q 
Strongly disagree Q 
Can't choose, don't know Q 
Table 6-15: Example of question designed to reveal ranking of attitudes 
This type of question would indicate the strength of society's attitudes towards income 
inequality. Smith (1989) took an average of five `welfarist' items'°, to construct an 
overview of attitudes towards welfare. A similar approach could be taken to income 
redistribution items. Below a technique for doing this used by Szirmai (1986) is discussed. 
Szirmai (1986) used what he termed the `Inequality Aversion Scale' (INEQAV). The 
method of the `INEQAV' is based on weighting answers from a number of `ranking 
questions'. If the answers to the questions are expressed in words (such as strongly 
agree...... strongly disagree), each of the categories is given a number. Szirmai constructed 
such a scale for the Netherlands and gave each answer a ranking from 0-5, where 0 was 
attached for `don't know' answers. Szirmai constructed a total of 6 different scales, of 
which the scale of inequality aversion is the most important for our purposes". Szirmai 
performed a thorough analysis of what items should be included in the different scales 
(and also what scales are appropriate to derive). The selection of the items was based on 
both statistical and semantic grounds. He used factor analysis to determine whether sets of 
variables have an underlying dimension in common. Further, raw data as well as the 
correct statistical tools and time are needed. The seven factors chosen for the `inequality 
aversion scale' are presented in Table 6-16. 
70 The five items were: 
Reduce differences in income between people with high incomes and those with low incomes 
Provide a job for everyone who wants one 
Spend less on benefits for the poor 
Provide a decent standard of living for the unemployed 
Provide everyone with a guaranteed basic income 
71 The other 5 scales measure: discontent with equalisation, attitudes towards income restraint, orientation to 
work, attitudes towards political radicalism and class structure, and attitudes towards policy measures. 
233 
A. Raising the minimum wage 1=I am strongly in favour 
2=Iaminfavour 
3=I am neither for or against 
4=I am opposed 
5=I am strongly opposed 
0=I don't know 
B. 1 would like to live in a society with less inequality I agree strongly 
I agree 
I neither agree or disagree 
I disagree 
I disagree strongly 
I don't know 
C. If income differentials are smaller, people are less As in question B 
jealous of each other 
D. The common man in the Netherlands does not have it all As in question B 
that good Income restraint is notfair to him 
E. If income differentials in the Netherlands are not made As in question B 
smaller social tensions will increase 
F. People are equal in principle. Large income differences As in question B 
are unjust. 
G. A society with less inequality is a more happy society As in question B 
Table 6-16: Examples of factors included in the inequality aversion scale 
The scale is set up so that the total score is a summation of the item score. The highest 
possible value is 35 and the lowest is 7. A high score on the attitudinal scale indicates a 
strong dislike of income inequality and a low scale indicates a weak dislike or preference 
for income inequality. Szirmai interprets the scale as "measuring aversion to inequality" 
The technical appendix D in Szirmai's book describes the selection and construction 
procedure of these attitudinal scales. As the selection procedure is quite demanding and 
due to difficulty finding comparable data for Britain (even though the ISSP data were 
tested and could potentially be used) the method is not applied to the UK here. 
6.6.5 Data from general questions on inequality 
A third way in which the ISSP data could be used, is to create a so-called relative ranking 
measure/scale to determine the position in attitudes between different countries and over 
time. This is possible using ISSP data, since this data is available both over time and 
between countries. Here, a relative ranking scale means the relationship (in attitudes 
towards income inequality) between different countries. For example, say that an epsilon 
value for the UK has been derived through another measure (like the tax system). It might 
be impossible to do a similar calculation for example, for the USA. Instead of doing the 
calculation, the results are related to one or more questions in the ISSP study. 
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For example, if a value of epsilon of 1.65 has been derived for the UK and we would like 
to know what a similar value would be for the USA, how could we do this? One question 
in the ISSP survey, looked at the percentage of the population that agreed/strongly agreed 
that income differences are too large. In the UK 75% of the population agreed with this 
statement while in the USA only 56% thought so (Smith 1989: 66). By constructing a 
relative scale and using the value of epsilon of 0.8 as a basis, it is possible to derive the 
value of epsilon for the USA, using the answer to the above question. In fact, this is an 
attempt where the ratios between the methods are assumed to be constant. 
Relative weighting factor =x=6 
r(y) 
Where x is the relative weighting factor, E is the epsilon value, r(y) is the % of population 
that strongly agree/agree that income differences are too small. 
In the example above, the relative weighting factor would be: 
x=1.65/0.75 
x=2.2 
and the epsilon value for the USA would be: 
Es=0.56*2.2=1.23 
Thus the epsilon value in two countries can be compared, despite lack of data. 
6.7 Attitudes to Environmental Equity 
In chapter 5, where the complex relationship between intra-generational equity and 
sustainable welfare was mapped out, the importance of taking the distribution of 
environmental variables into account in a sustainable welfare index was highlighted. As 
with income, the welfare impact of for example pollution will depend on society's attitudes 
towards the pollution. Different groups (income, social, geographical etc), can show 
different levels of concern towards different types of environmental problems. This will 
depend not only on the level of existing environmental problems, but also on individual 
perceptions of these problems. How then should the impact of environmental equity be 
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weighted? Does a decrease of environmental quality for a poor person have the same 
welfare effect on the total social welfare as a decrease in environmental quality for a rich 
person? For income distribution it was argued that an increase in income for a poor person 
bears a higher social welfare impact than an increase in income for a rich person. Should 
the value for socio-economic differences in environment play a role in the valuation of the 
environment? Should an increase in environmental quality be more highly valued for a rich 
person than a poor person, or should it be the same. Perhaps it should depend, not on 
economic differences, but on differences in access to or exposure to `environmental 
quality'? Here an increase in environmental quality in a dirty area would be valued higher 
than in a clean area. 
It is, however, clear that society is concerned with socio-economic differences in 
environment. Even though the majority of relevant research has been done in the USA, a 
recent study by the Friends of the Earth in the UK addressed the issue of `pollution 
injustice'. Using the geographical information system (GIS), Friends of the Earth (1999) 
analysed the (geographical) relationship between household income and polluting factories 
in the UK. The main result of this report was that the poorest families (with an income 
below £5000) were twice as likely to have a factory close by than the middle or high 
income households. Table 6.17 shows how the factories (IPC sites72) are distributed among 
the different income groups in relation to how they would have been distributed if a 
random distribution had taken place. 
72 IPC = Integrated Pollution Control. Industrial facilities that are registred under the IPC framework. Means 
that these industries are at least potentially the most polluting facilities in England and Wales. 
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i f Number of IPC sites Number of IPC processes Average household 
Income of postcode 
sector (£) 
on o Proport 
postcode 
sectors 
Actual Random Deviation (per cent) 
Actual Random 
Deviation 
(per cent) 
Below 10,000 5.12 104 67.6 +53.9 167 101.6 +64.4 
10-14,999 29.17 558 385.1 +44.9 962 578.8 +66.2 
15-19,999 34.94 461 461.1 -0.0 660 693.1 -4.8 
20-24,999 21.49 168 283.7 -40.8 167 426.4 -60.8 
25-29,999 7.28 24 96.1 -75.0 23 144.4 -84.1 
30-39,999 1.97 5 26.0 -80.8 5 39.0 -87.2 
40,000 plus 0.04 0 0.5 0 0.8 
Total 7929 sectors 1320 1320 1984 1984 
Table 6-17: Comparing the IPC (Integrated Pollution Control) site distribution with a 
theoretical random distribution according to population. 
Source: Friends of the Earth (1999) 
As can be seen, the number of IPC sites or IPC processes in low income areas would have 
been less if a random distribution had taken place. This, according to Friends of the Earth, 
is a good indicator that the IPC sites and processes are unequally distributed among 
income groups. 
The study, received a fair amount of attention in the British media and indicates a concern 
for unequal distribution in pollution in the UK. Another example is a study by the 
Department of the Environment in the UK (1998) who analysed the attitudes of different 
social classes towards a range of different environmental issues in the UK. The 
interviewed samples were asked to indicate how worried they were about 32 different 
environmentally related issues. By examining the attitudes of the different groups towards 
the environmental problems, it might be possible to derive some sort of understanding of 
attitudes among different income groups, and hence an attitude towards the distribution. 
The total amount of `very worried' people varies depending the environmental problem. 
65% of the total population worries about chemicals in rivers and seas while only 15% are 
very worried about noise pollution. People in social class 1,2 and 3 are all most worried 
about the chemicals in rivers and seas. While people in class 4 are equally worried about 
this problem as about radioactive waste. Social group 5 is most worried about radioactive 
waste. Social groups 2,4 and 5 are least worried about noise, while groups 1 and 3 are 
least worried about vacant/derelict land. 
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It is interesting to look at how people perceive pollution associated with the IPC processes 
examined in the Friends of the Earth report. For example, chemicals in rivers and seas, 
toxic waste, factory fumes and smog, acid rain and global warming, are all issues that can 
be argued to be closely related to these types of factories. For the first two of these issues, 
over 60% of the population are very worried, over 40% are very worried about factory 
fumes and for the latter two cases over 30% are very worried. This indicates a great 
concern for environmental problems that are associated with IPC processes. In Table 6. I8, 
these 5 issues have been summarised and the average has been taken. 
Total 1 2 3 4 5 
Chemicals in rivers and seas 65 63 65 74 65 67 
Toxic waste 60 46 57 61 63 66 
Factory fumes & smoke 41 30 38 44 45 39 
Global warming 35 44 35 43 34 32 
Acid rain 31 28 31 36 32 27 
Average 46.4 42.2 45.2 51.6 47.8 46.2 
Table 6-18: Environmental problems associated with IPC processes 
Certain conclusions can be drawn from the data above that will help by giving an 
indication of attitudes to the weight given in different income or social groups to 
environmental variables, and hence how inequality in such distribution would affect the 
overall welfare. This `discussion' approach is along the lines of some of the direct 
approaches for deriving the epsilon value discussed earlier. 
As can be seen from Table 6-18, the attitudes towards the environmental problems vary 
with social class. On average, the `most worried' people for these 5 environmental 
problems are social group 3 while the least worried are those in the lowest social group. 
Since on average between 40-50% of the population (depending on social group) are very 
worried about these 5 environmental problems, the general conclusion that can be drawn is 
that the siting of a process or a factory in the neighbourhood would be perceived as very 
negative and have a negative effect on welfare. This is due to a large share of the 
neighbourhood being very worried about these types of problems. In general, this epsilon 
value should reflect the fact that the greatest negative welfare effect is for those in social 
group 3. It should, however, be noted that this is very hypothetical reasoning. The question 
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is whether any conclusions can be drawn from this study relating to the way in which the 
overall social welfare will be affected by increase in environmentally sensitive activity in a 
poor area in comparison with a rich area? Since the concern for environmental problems 
related to processes are highest for the middle social group, it is likely that the social 
welfare effect will be the highest for a placement of such a factory in an area where social 
group 3 lives. 
Since there evidently are differences in attitudes among groups in society towards 
environmental equity, there is good reason to analyse how these attitudes vary with 
demographic variables such as income. Hence, the way in which the utility or disutility 
from environmental variables or impacts influences social welfare could be estimated. 
However, deriving a parameter to reflect income inequality aversion has proved to be 
complicated and these obstacles would seem to be even more difficult to overcome for 
environmental variables (with the current set up of environmental data). These difficulties 
should not be allowed to hinder future work towards establishing such values since such a 
parameter may come to be important in judging the welfare impact of environmental 
variables such as pollution. This is, however, an area for future research. 
6.8 Attitudes towards inequality in health 
In the case of income, not many would argue for total equality, however, in the case of 
healthcare this seems to be something which should be advocated. Everyone should have 
equal access to health care. If the mortality rate in cancer is higher for lower income 
groups than for higher income groups and this is due to an unequal access to health care, 
this difference should be levelled out. How can the value of epsilon for health variables be 
determined?, i. e. how does the utility of expenditure on health decrease with income? This 
depends on the level of the distribution in society and the attitudes that society has towards 
inequalities in the economy or rate at which marginal utility of health expenditure 
diminishes with income. 
6.9 Summary & Discussion 
The epsilon value, is a parameter of society's attitude towards income inequality, and by 
determining the value of epsilon it is possible to define the welfare loss that is associated 
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with an unequal distribution. The welfare loss related to a certain distribution of income 
varies from society to society for two reasons: the different levels of income inequality 
and the different attitudes towards inequalities in the economy. The aim of chapter 6 has 
been to analyse how the epsilon value can be derived. However, limited empirical data has 
led to a focus on methods and analysis of existing studies. 
Two main approaches to determining the attitudes to income inequality in society have 
been discussed and analysed. In the first approach, the attitudes were revealed by 
analysing the behaviour or structure of the society. This approach is termed the indirect 
approach. Included here were studies on consumer behaviour and government tax 
structure. Analysis of the tax structure in the UK, following attempts by Piggott (1987) 
and Stern (1977) allowed a UK epsilon value to be derived by determining the rate at 
which marginal utility diminishes with income. In the second approach, society's attitudes 
towards income inequality were revealed from direct studies. Data from the International 
Social Survey Programme was used to reveal perceived and preferred income levels and to 
derive an epsilon value for the UK through the transfer efficiency formula. The results 
from these two studies are displayed in Table 6-19 below. 
1987 
C 
1992 
C 
Indirect observation of Government behaviour 2.97 2.2 
through the tax structure 
Direct questioning about perceived and preferred 1.65 1.63 
income level. 
Table 6-19: Epsilon value for the UK as derived in this study 
On the basis of this, the recommended range of epsilon values should be between 0.5 to 
2.97, as the values derived in this chapter and most of the estimates in the reviewed studies 
fall within this range. In fact, this is close to Schwartz and Winship's (1979) estimated 
range -0.5 to 2.5. 
There are still some unresolved questions regarding the epsilon value. Both direct and 
indirect methods have received criticism. While Stern (1977) and Piggott (1987) argue that 
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the aversion towards income inequality should be derived from the behaviour of 
policymakers or the tax structure, authors such as Amiel et al (1996) and Creedy & Hurn 
(1998) argue that the best way is to empirically determine the aversion towards inequality. 
As we are dealing with value judgements, there will be many different views on the 
correct methodology and indeed whether the value should be derived at all. These are 
issues that will have to be dealt with in the process of adjusting macro-economic measures 
with intra-generational aspects. 
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7. Case Study 
The third specific objective of this thesis, has been to update and compare the ISEW 
methodology as applied to the UK and Sweden, in order to empirically test and evaluate 
the methodological developments in previous chapters and to empirically confirm the 
importance of the overall objective of this thesis - the work on providing information 
about the progress towards sustainability to help in operationalising macro-economic 
sustainability. 
There are several reasons why the ISEW methodology has been chosen as an empirical 
basis for this research. First of all, it is an index that reflects most of the aspects of 
sustainability - the economic, natural, social and equity dimensions. Further, it has been 
applied to numerous different countries, which implies that there is value in applying and 
developing the measures. Moreover, the application of the measure has stimulated 
numerous discussions and debates in the area, which have contributed to valuable 
methodological insights and development in the measurement of sustainable welfare. 
However, the ISEW methodology does not merely provide a way of measuring sustainable 
welfare, it has also come to work as a way to synthesise and present criticism towards 
conventional accounting procedures and indicators, which can be argued to be as 
important as the measure itself (Stymne 1998). The intention of this chapter is firstly to 
present the original UK and Swedish ISEW estimates and explain the differences between 
the two. This is done in order to give a picture of the original setting from which the case 
study originates. The methodological developments and discussions from previous 
chapters are then empirically tested and evaluated. 
The outline of the chapter is as follows: In the first section, 7.1, the original UK and 
Swedish ISEWs are presented and the differences between the two are explained. In 
section 7.2 the emission trends of long-term environmental degradation in Sweden and the 
UK are illustrated and the UK and Swedish ISEWs are adjusted with long-term 
environmental degradation. In section 7.3, the depletion trend of oil in the UK and Sweden 
are compared and the UK and Swedish ISEWs are adjusted with depletion. The same 
format follows in section 7.4, where the income distribution trends in the two countries are 
illustrated and then the UK and Swedish ISEWs and consumption are adjusted with 
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income distribution. A sensitivity analysis of the epsilon parameter is also done. Finally, 
the empirical use of the capital concept in the ISEW is discussed. 
7.1 The Original UK and Swedish ISEW 
It was in 1994 that Jackson & Marks applied the ISEW methodology to the UK (Jackson 
& Marks 1994). Three years later, the study was revised and updated by Jackson et al 
(1997). Some of this update was a result of studies within the framework of this research 
(e. g. chapter 3 and 6). Between these two studies, Jackson & Stymne (1996) applied the 
ISEW methodology to Sweden. This study has been further updated and developed as a 
result of this thesis, the final results are presented in section 7.6. 
In fact, much of the work and ideas in this thesis have been a direct result of the empirical 
application of the UK and Swedish ISEWs and as a result of the comparison of the two. 
Below, the original ISEWs for the UK (Jackson & Marks 1994) and for Sweden (Jackson 
& Stymne 1996) are presented. The measures shown are therefore those before any 
adjustments have been made due to new data and techniques developed as a result of the 
work presented in previous chapters. The ISEW methodology was briefly described in 
chapter 1. A detailed description of the ISEW methodology can be found in Daly & Cobb 
(1989), Jackson & Stymne (1996) and Jackson et al (1997). 
In Figure 7-1, the UK-ISEW per capita as derived by Jackson & Marks (1994) is 
illustrated. For the purposes of comparison, the per capita GDP is shown for the same 
period on the same graph. It is clear from Figure 7-1 that the trend in per capita ISEW 
differs markedly from the trend in per capita GDP, departing in particular from the 
conventional measure during the last two decades of the period. 
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Figure 7-1: ISEW per capita and GDP per capita in the UK 1950-1992 
Source: Jackson & Marks (1994) 
From Figure 7-1 it can also be observed that the general trend in GDP in the UK between 
1950 and 1990 has been one of growth, despite two periods of recession in 1973-74 and 
1979-80. In fact, average per capita GDP growth rate was 2.1% between 1950 and 1990. 
By contrast, the per capita ISEW follows a rising trend only over the early part of the 
period and is in 1990 only marginally higher in real terms than in 1950. The average 
annual growth rate of per capita ISEW was about 0.1% (Jackson & Marks 1994), with a 
negative trend from 1973 and onwards. This clearly presents a worrying picture, 
suggesting that sustainable welfare is falling while economic welfare measured by GDP is 
growing. In the UK case there are several variables which are responsible for the 
differences. The basis for the ISEW - personal consumer expenditure - has the largest 
overall positive impact on the level of the index. However, the variable that has the largest 
positive impact on the shape of the index is the service from domestic labour. The 
negative contributions are shared between a number of factors: capital adjustments73, 
income inequality, defensive expenditures, environmental damage74, the loss of natural 
capital, and the costs of long-term environmental damage (climate change and ozone 
" These adjustments are taken to include net capital growth, net international position, and the difference 
between expenditure on and the service flow from consumer durables. 
74 This category includes the costs associated with air pollution, water pollution and noise pollution which 
are incurred in each accounting period as a result of activities carried out in that accounting period. 
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depletion). Of these factors, only current environmental damage is relatively constant - in 
fact it falls slightly - over the period of the study. 
One of the driving ideas behind applying the ISEW methodology to Sweden was the 
interest in finding out if sustainable welfare in the 'welfare state' of Sweden would be 
similar to that of the UK. The Swedish ISEW was derived by Jackson & Stymne (1996) 
and its application and comparison with the UK-ISEW has, as said previously, led to the 
development of much of the research in this thesis. The Swedish ISEW per capita is 
illustrated in Figure 7-2 for the years 1950 to 1992 and compared with the GDP for the 
same period. As can be seen, the ISEW lies constantly below GDP suggesting that GDP 
overestimates sustainable welfare. The growth rate in GDP and ISEW are very similar 
until about 1980 - the average annual growth in GDP per capita between 1950-80 was 
2.6% and the growth rate in ISEW was also 2.6%. It was first at the beginning of the 
1980s that the Swedish ISEW started to decline while GDP continued to increase. In fact, 
during the final 12 years of the study period, the average annual growth rate of GDP was 
0.7%, while the average annual growth rate of the ISEW was -0.8% (Jackson & Stymne 
1996). This can clearly be seen in Figure 7-2 below. 
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Figure 7-2: ISEW per capita and GDP per capita in Sweden 1950-1992 
Source: Jackson & Stymne (1996) 
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The Swedish ISEW confirms the general pattern emerging from similar studies in other 
countries (e. g. Daly & Cobb 1989, Jackson & Marks 1994). However, when comparing 
Figures 7-1 and 7-2, some differences between the Swedish and the UK ISEWs emerge. 
Firstly, the difference between ISEW and GDP is markedly smaller in Sweden than in the 
UK. Secondly, the downturn of ISEW comes somewhat later in Sweden than in the UK. 
There are several reasons why the Swedish ISEW differs from the UK ISEW in these two 
respects. First of all, the weighting of personal consumption with an income distribution 
index had a positive effect on sustainable welfare in Sweden, while it has had a negative 
effect in most other countries. The reason is that there has been an improvement in the 
distribution of income in Sweden since the 1950s. In fact, the index of income inequality 
(the relative Gini coefficient) rose by over 30 percentage points between 1950 and its peak 
in 1983. These improvements in the distribution of income have influenced both the shape 
and the level of the Swedish ISEW. The second positive variable is the service from 
domestic labour. The monetarisation of domestic labour has had a substantial effect on the 
index, as a high monetary value has been put on domestic labour as a result of high wages 
for menial tasks in Sweden. The negative impact of environmental damage has remained 
quite constant over the period while the loss of natural capital has increased substantially 
over the study period. The negative impact from these variables is, however, less 
substantial than for other countries. The explanation lies in Sweden's use of/access to 
renewable energy - in particular hydropower and its energy efficiency programme. The 
costs of the impact of hydropower are not quantified in the index and can therefore in 
Sweden's case be seen as a pure benefit. It is these differences between the original UK 
and Swedish ISEW and the criticism to the methodology for including the variables (e. g. 
[G] Atkinson 1995, Cobb & Cobb 1994, Neumayer 1998) that have steered the choice of 
methodological development in this thesis. Below, these developments are empirically 
tested. 
7.2 Long-term environmental degradation in the UK and 
Swedish ISEW 
Long-term environmental degradation of natural capital has often been overlooked when 
developing adjusted macro-economic measures. As discussed in Chapter 3, this is not due 
to long-term environmental degradation having little impact on society. In fact the 
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opposite is often true. The reasons for omission could instead be related to, for example, 
short-termism, data problems and lack of accounting methods. Long-term environmental 
degradation has been included within the ISEW methodology. 
7.2.1 Emission trends in CFCs and Carbon in the UK and Sweden 
By analysing the difference in the physical emission trends of carbon and CFCs for the 
UK and Sweden - which are the basis for the long-term environmental degradation as 
included in the original ISEW methodology - the importance of taking into account long- 
term environmental degradation of natural capital by using a cumulative emission basis 
are highlighted. The analysis can also clearly explain the difference between the UK and 
the Swedish inclusion. 
In Figure 7-3 and 7-4, the trends are illustrated. Figure 7-3 shows the physical per capita 
trend of carbon emissions arising from primary energy consumption in the UK and 
Sweden from 1950-1996 (see Appendix 8). This Figure can explain much of the 
differences between the UK and Swedish ISEWs that occur due to the inclusion of long- 
term environmental degradation. 
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Figure 7-3: Estimated per capita carbon emission from consumption of primary energy 
sources in the UK and Sweden 1950-1996. 
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By studying Figure 7-3, it can be seen that the UK per capita carbon emissions are higher 
than the Swedish per capita emissions. This difference has arisen due to the two countries 
having had different energy policies as well as access to different types of energy 
resources. Sweden, for example, has had the good fortune of having the possibility of 
exploiting hydropower and also a higher access to biomass fuel. These two renewable 
resources do not have a negative impact on the index as it stands today. Sweden has also 
striven to be in the forefront of developing technologies for using domestic natural 
resources in the best possible way. UK energy resources on the other hand consist mainly 
of coal and oil, and this is reflected in high emissions of greenhouse gases. From this it is 
clear that when developing an adjusted macro-economic measure, it is important to discuss 
and point out the underlying reasons for the different impacts. In this particular case it can 
be seen that the structure of the energy system has had a substantial influence on the 
ISEW. 
The commitment to the Kyoto Protocol may result in an equalising effect on the per capita 
emissions of carbon in the future. However, there are several problems, as the 
commitments under the protocol vary somewhat. Currently both the UK and Sweden have 
committed themselves to the Kyoto Protocol. Several countries committed themselves to 
ensuring that the average emissions of greenhouse gases during the period 2008-2012 
would be lower than they were in 1990. The European Union has committed themselves to 
a reduction of 8% during this period. Sweden has, however, negotiated the right to 
increase their greenhouse gas emissions by 4% from 1990 to 2008-2012 
(http: //www. unfccc. de). The reason for this being the ongoing change in the energy mix 
that is taking place, where nuclear energy is being phased out with increased carbon 
emissions expected as a result. Both Sweden and the UK are working on ways in which 
overall carbon emissions can be reduced - joint implementation and other flexible 
mechanisms play a large role in this work. These types of international commitments may 
well lead to the difference in emission levels being reduced. 
Whilst the physical carbon emissions can explain much of the differences in long-term 
degradation in the UK and Sweden, closer examination of CFC emissions illustrates the 
importance of taking into account long-term environmental degradation using a 
cumulative basis (as proposed in Chapter 3). The consumption of CFCs in the UK and 
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Sweden during the period 1950-1996 is shown in Figure 7-4. It should be noted that the 
historical consumption of CFCs has been calculated based on an assumption that the 
national consumption of CFCs is a certain percentage share of the world consumption of 
CFC. For a more detailed explanation see Jackson et al (1997) and Jackson & Stymne 
(1996). 
Figure 7-4: Total estimated CFC consumption per capita (CFC 11,12,113-115) in the UK and 
Sweden 1950-1996. 
As can be seen from Figure 7-4, during the study period the development of CFC 
consumption rose from almost zero to a peak of over 10 kg per capita before being phased 
out. Consumption of CFCs rose until the beginning of the 1970s, when the first alarm 
reports of their potentially harmful impacts were published. However, action towards 
phasing out CFCs was not taken until 1987, when the Montreal Protocol was signed. Both 
Sweden and the UK have now reduced their consumption of CFCs to almost zero. Despite 
the phasing out of CFCs, the environmental impact from their release continues to cause 
harm in the form of ozone depletion. This clearly illustrates the characteristics of long- 
term environmental degradation and why a cumulative basis needs to be used. Were this 
not the case, the long-term impact would be ignored. 
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7.2.2 Adjusting UK and Swedish ISEWs with long-term degradation 
In chapter 3, methods for accounting for long-term environmental degradation arising 
from carbon emissions were examined. The recommended method, which is used here to 
adjust the UK and the Swedish ISEW, was to assign each tonne of emissions from 1900 
and onwards a marginal social cost. This marginal social cost should reflect the future 
damage arising from that tonne of emissions (discounted value). The marginal cost chosen 
was that derived by Fankhauser (1994) - £11.4 per tonne of carbon in 1990 - and was 
assumed to vary over time. Multiplying the marginal social cost by the carbon emission in 
that year derived the total cost in each year. Then, accumulating the costs from 1900 to 
that year derived the costs assigned to climate change in each year. This method was also 
used in the revised UK-ISEW (Jackson et al 1997). The same method has here been 
applied to Sweden. For the UK between 1900 and 1950 statistics for energy consumption 
taken from Lisner (1985) have been used. Data for Sweden on energy consumption before 
1950 has been estimated from a number of sources. The years between 1900 and 1910 
used data from Järnegren et al (1980). Coal data for the year 1920 was taken from Etemad 
and Luciani (1991). Data for occasional years from 1925 to 1950 has been obtained 
from 
Darmstadter (1971: 626, Table X). Linear interpolations have been used to supply the gaps. 
Data after 1950 are those listed for depletion in the next case study. 
For the long-term environmental damage arising from CFC emissions, the same 
methodology as applied in the updated UK-ISEW and in the Swedish ISEW has been 
used. The physical estimate is based on the consumption of all Montreal-listed CFCs. The 
cost estimate used is that assumed by Cobb and Cobb (1994) in the US index - $15 per 
kilogram of CFCs (1972 dollars) this is indexed over the period on the basis of cumulative 
consumption of all Montreal-listed CFCs. Note that the ISEW used here is the updated and 
revised ISEW made as a result of the changes suggested in this thesis (e. g. the depletion 
and income distribution variables have been revised). Using the updated version here 
allows a direct comparison with the updated UK-ISEW as well as extending the time 
period covered to 1996. In Figure 7-5 and 7-6, the UK and Swedish ISEWs have been 
adjusted with the long-term environmental degradation arising from carbon emission 
based on primary energy consumption and the consumption of CFCs (see Appendix 13 
and 14). The broken line represents the ISEW where no account is made for the welfare 
costs associated with long-term environmental damage. 
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Figure 7-5: ISEW per capita in the UK With and without long-term environmental damage 
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Figure 7-6: ISEW per capita in Sweden. With and without long-term environmental damage 
The two Figures clearly illustrate the impact that long-term environmental damage can 
have on overall sustainable economic welfare in the UK and in Sweden. In fact in the UK, 
long-term damage is the largest negative component influencing the ISEW. In Sweden as 
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will be illustrated in the next section, it is depletion that is the largest negative component. 
The increasing negative impact over time, which can be seen in both countries, is a result 
of the cumulative build up of the emission cost. As the UK has had higher emission status 
over a longer period than Sweden, this will clearly have a higher negative effect on the UK 
index. Another reason for the higher negative effect on the UK ISEW, is the difference in 
energy structure between the two countries. Neither nuclear nor hydropower are included 
in the above calculations as contributing to greenhouse gas emissions. Hence, as large 
parts of Swedish primary energy consumption are based on these resources, it has the 
effect that UK will have a higher physical basis on which the calculation of greenhouse 
gas emissions are based. In fact, this is a result both of the different geo-physical 
environments that the UK and Sweden have had and the different energy policies as 
discussed above. 
From the perspective of the overall aim of this thesis - providing a better basis from which 
an economy and its efforts towards sustainability can be evaluated - it is clear that long- 
term environmental degradation plays an important role in a measure such as ISEW. Such 
a measure should reflect the present discounted value of future welfare. Using the annual 
emission from one accounting period, as is often the case in accounting frameworks 
cannot represent this loss to future generations. This was clearly illustrated by using the 
example of CFC emissions above. Therefore it is recommended that the long-term 
environmental degradation be based on cumulative estimates. 
7.3 Depletion of natural capital 
Chapter 4 reviewed and analysed different methods for integrating depletion of non- 
renewable resources into accounting frameworks and sustainable welfare indexes. In this 
case study, depletion is integrated into the UK and Swedish ISEWs. This section starts by 
reviewing the depletion trends in the UK and Sweden and proposes explanations for the 
differences. Thereafter, the depletion estimate is integrated into both studies and the 
results are compared. 
7.3.1 Depletion trends in the UK and Sweden 
Consumption of primary energy contributes not only to increased carbon emission (as 
illustrated in the previous section), but also to the depletion of non-renewable natural 
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capital. The consumption of non-renewable resources such as oil, coal, natural gas and 
nuclear, for the UK and Sweden are illustrated in Figures 7-7 and 7-8 below, The latter - 
nuclear energy - depletes uranium. However, the main reason for integrating it into the 
calculation is that there is a potential risk in using nuclear energy, which here is equated 
with the cost of depleting non-renewable resources. Statistics on consumption of primary 
fuels (coal, oil, gas, nuclear) in the UK since 1950 were taken from the Economic Trends 
Annual Supplement (ET 1993, Table 14) and from the Digest of UK Energy Statistics for 
later years (DTI 1995 & 1997). Data on primary energy consumption in Sweden between 
1950 and 1992 has been taken from a variety of sources. For the years following 1970, 
data is supplied by Nutek (1997, Table 2). From 1950 to 1969 data has been obtained 
from United Nations statistics (UN 1976: 103, Table 2). Gaps in the data have been filled 
using linear interpolation. Figures 7-7 and 7.8 illustrate the per capita physical 
consumption of tonnes of oil equivalent of natural gas, coal, oil and nuclear75 in Sweden 
and the UK. 
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Figure 7-7: Physical depletion of non-renewable resources per capita in the UK-ISEW 1950- 
1996 in tonnes of oil equivalent 
75 It should be noted here that for the purposes of this thesis, nuclear energy has been accounted in terms of 
its primary energy equivalent, rather than on the basis of electricity supplied. Traditionally the Swedish 
method of accounting for energy consumption excludes transmission and conversion losses. However, 
international accounting includes energy conversion losses at nuclear plants. Here the international 
accounting method has been followed. 
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Figure 7-8: Physical depletion of non-renewable resources per capita in the Swedish-ISEW 
1950-1996 in tonnes of oil equivalent 
From Figure 7-7, the dominant position that coal has had in the UK primary consumption 
of energy from 1950s to the end of the 1960s can clearly be seen. The coal industry was 
long one of the main pillars of the economy. However, as new and cleaner energy 
resources reached the market, the role of coal has diminished. In fact oil became the 
dominant resource in the early 1970s, then the first OPEC oil crisis changed the 
development and alternative energy resources started to appear. With the exception of this 
period, the overall trend in the UK primary energy consumption since the middle of the 
1970s has remained fairly constant. The composition of the energy basis has, however, 
changed over this period. Both nuclear and natural gas have been increasing and taking a 
larger and larger part of the primary energy consumption. 
In contrast to the constant trend in the primary consumption of energy in the UK, Swedish 
consumption has been increasing, which can clearly be seen from Figure 7-8. The energy 
mix is also different to that of the UK. First of all, coal, which had a great importance up 
until the very beginning of the 1950s, declined rapidly as cheaper and easier to handle 
energy resources were introduced. This resource was oil, which rapidly increased its 
market share and as can be seen from Figure 7-8 increased steeply up until the beginning 
of the 1970s, when the OPEC crisis also started to affect the Swedish consumption. Along 
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with the building of Swedish nuclear plants, the energy from the indigenous and 
renewable energy source hydropower also played a large role. In fact, Sweden has had a 
strong energy policy for developing renewable energy resources. This has become 
particularly important with the decommissioning of nuclear power and international 
commitments to reduce for example greenhouse gases. In June 1997 the Swedish 
parliament adopted the Government's energy policy bill "For a Sustainable Energy 
Supply". The main objective of this bill was that the availability of energy should be 
secured under conditions competitive with the surrounding world in the short and long 
term. Further, the first nuclear reactor (Barsebäck) would be decommissioned - this took 
place in 1999. The bill also supported measures to reduce consumption of energy and to 
increase the supply of renewable energy resources to facilitate an ecologically and 
economically sustainable energy system. 
The primary energy consumption of non-renewable resources as illustrated in Figures 7-7 
and 7-8 is used in the ISEW methodology as the physical basis for the depletion variable. 
As highlighted in chapter 4, the main reason for taking depletion into account in a 
sustainable welfare measure is that non-renewable resources cannot be used without being 
depleted at the same time. Table 7-1 illustrates the estimated lifetimes for coal, oil, natural 
gas and uranium, and thus highlights the fact that these resources have a limited lifetime. 
The estimated lifetime has been calculated based on known resources and the yearly 
production of each resource in year 1990. 
Resource Known reserves Current yearly 
production 
The energy content of 
reserves (TWh) 
Exhaustibility 
(years) 
Coal 1039 Giga tonnes 4.4 Giga tonnes 7900000 236 
Oil 137 Giga tonnes 3.2 Giga tonnes 1 600 000 43 
Natural Gas 12000Gm 2033 Gm 1 500 000 65 
Uranium 5200 kilo tonnes 35 kilo tonnes 500000 70 
Table 7-1: Known reserves of coal, oil, gas and uranium and their exhaustibility. 
Source: SCB (1996) 
World production of oil in year 1990 was about 3.2 Giga tonnes - as can be seen from 
column 3 in Table 7-1. Assuming that world consumption of oil continues at the same rate 
as today, the total known world reserves of oil would be depleted by year 2033 (SCB 
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1996). Of those 3.2 Giga tons of oil consumed in 1990, about 78 million tonnes of oil was 
consumed by the UK and about 15 million tonnes by Sweden. This clearly highlights that 
if depletion of these resources occurs without being accounted for then the cost the 
depletion will impose on future generations will not be registered. 
7.3.2 Adjusting UK and Swedish ISEW with depletion 
In chapter 4, ways in which depletion of non-renewable natural resources could be 
integrated into accounting systems were examined. Here, the recommended method from 
that chapter is used to adjust both the Swedish and the UK ISEWs. It is clear that this 
adjustment will have a negative effect on the index, as depletion has a negative effect on 
the consumption possibilities of future generations. Depletion is here accounted for by 
using a physical basis derived from the consumption of primary energy consumption from 
coal, oil, natural gas and nuclear energy expressed in tonnes of oil equivalent (as in Figure 
7-7 and 7-8 above). Assigned to this physical basis is a replacement cost value, which is 
based on the cost of replacing non-renewable resources with renewable resources - as 
derived in chapter 4. This replacement cost is assumed to have a growth rate of 2% over 
time. The results of applying this depletion cost estimate to the UK and Swedish ISEWs 
are shown in Figures 7-9 and 7-10. For data see Appendix 13. This value is compared with 
the original value as it then clearly can illustrate the impact that the change has had on the 
index. Further, the ISEW where no account is made for depletion is also illustrated. 
256 
10000 
7 000 
L 
Y 
6 000 
5 000 
O 
O 
O' 
4 000 
ä 
3 000 
n. 
2 000 
9 000 
8 000 
GDP 
IS6 W without 
depletion -Iue 
_M 
n+wºy +ýº. ý ýwºr n, .. ýe 
ýr" 
I 
ire 
f ISEW with new 
,,, rwr deplIUon value ýýrr 
r. 
M 
r'r 
rMKMA 
wM 
1000 
ISLW with original 
depletion value 
0O 
ýp pp ýy hr1 pp ýy pp 
Tp 
eV ýp N 
VNi 
NhbbV ýO Vr 1ý 
iii; iiIf 
pp 
TO 
.. i . . 
fir 
.. r -n . 
C+ t 01 
.w .+ .r.. .. i .n .r .ý .r .ý 
Ye. r 
Figure 7-9: UK-ISEW with and without depletion 
The depletion estimate has a depressive effect on the UK-ISEW, as is illustrated in Figure 
7-9. In fact, the depletion variable is the second largest negative variable in the UK-ISEW. 
From the Figure, it can be seen that the negative effect of the depletion variable increases 
over time. The reason can be found in both the cost estimates used, which increase over 
time, and the increased depletion of non-renewable resources. The comparison with the 
original depletion estimate, as derived in Jackson & Marks (1994), shows that the new 
estimate has a somewhat smaller negative impact on the index. 
Figure 7-10, illustrates the same scenario, but for Sweden. A similar negative impact can 
also be noticed here, where depletion has a depressive effect on the index. However, the 
depressive effect is not as large as for the UK. For data see Appendix 14. 
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Figure 7-10: Swedish ISEW with and without original and new depletion value 
In fact, the difference between the ISEW with depletion and without depletion was about 
33% for the UK in 1996 and about 16% for Sweden. However, by examining the share of 
the total negative variables in the ISEW made up by depletion variable, another picture 
appears. In the UK the depletion component made up 21% of the total negative variables, 
while in Sweden it made up almost 36%. In fact, the depletion variable is the dominating 
negative variable in Sweden, while for the UK it is the long-term environmental 
degradation variable that is the dominating negative factor influencing the ISEW. The 
reason for this, can be found in that the per capita usage of total primary energy as 
illustrated in Figures 7-7 and 7-8 is higher in Sweden than in the UK, which leads to a 
higher depletion estimate for Sweden. The reason for this higher estimate can be found in 
the high living standard in Sweden and the cold climate. In fact, as much as 1/4 of all 
energy is used for domestic heating. Despite Sweden's good fortune in having access to 
hydropower, its development of other renewable energy sources and commitment to 
energy efficiency programmes, the per capita depletion of non-renewable resources is still 
higher in Sweden than in the UK. This illustrates one of the dilemmas for sustainable 
welfare: welfare is often connected with higher living standards such as better housing and 
also leads to higher energy consumption, which in turn leads to a higher depletion rate. In 
fact, economies such as the UK and Sweden have developed a dependency on energy, 
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which if based on non-renewable resources will affect the possibilities of future 
generations to generate a similar energy standard. It is clear that for an economy to be 
sustainable from an energy perspective, the energy supply and consumption must change. 
This can be done through the development of new renewable energy sources and through a 
changed consumption pattern. The latter could for example be achieved by energy 
efficiency measures, energy taxes, regulations and international agreements. Indexes such 
as the ISEW are ways in which these issues can be highlighted and recognised. Without 
these comparisons, the fact that Sweden actually has a higher per capita depletion rate than 
the UK could easily be hidden. Another lesson that can be learnt from the above, is that 
when comparing sustainable welfare between countries, the geo-physical structure will 
play a large role in the outcome. 
7.4 Distribution adjusted ISEW 
Chapter 6 reviewed and analysed different methods for integrating intra-generational 
equity into macro-economic sustainable welfare indexes. In this case study, intra- 
generational equity is integrated into the UK and Swedish ISEWs. The case study starts by 
reviewing the income distribution trends in the UK and Sweden and proposed 
explanations in the literature for the differences in inequality trends in these two countries. 
Thereafter, distributionally adjusted consumer expenditure curves for Sweden and the UK 
are presented and discussed, followed by distributionally adjusted Swedish and UK 
ISEWs. For both of these adjustments a value of epsilon of 0.8 is used. However, a 
sensitivity analysis of different epsilon values is also performed. The main emphasis of the 
case study is on the distribution of income (due to data availability). 
7.4.1 Income distribution trends in the UK and Sweden 
During the second part of the 20th century, the UK and Sweden had different policies 
towards the distribution of income and therefore also different trends. From Figures 7-11 
and 7-12 it can clearly be seen that the income distributions in Sweden and the UK during 
the time period 1950 to 1996 differ from each other. In the first Figure, the Gini 
coefficient is reproduced and in the second the Atkinson index. 
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The Swedish Gini based income distribution index is made up of data from several 
different studies, since no single study covers the whole time period in a consistent 
fashion. The data used were taken from a preliminary study by Björklund (1995) on 
individual income distribution for the years 1951-1958 and 1960-1976, studies on 
disposable household income distribution for the years 1975-1996 from an income 
distribution study by statistics Sweden (SCB 1997), and two studies by Jansson (1994 a, 
b). It should be noted that these studies are not directly comparable. Björklund (1995) 
calculated the Gini coefficient for individuals and both sexes, using collective net income 
data. Jansson calculated the Gini coefficient for household incomes, with different 
compositions made comparable by the use of "equivalence scales" 16 (Jansson 1994a: 7). 
Gaps within the two data series have been estimated by linear interpolation. For a 
discussion of the data set used, see Jackson & Stymne (1996). The UK index is calculated 
for the period 1954-1984 from income distribution data compiled on a tax unit basis and 
published in Economic Trends (ET, various years). A second data set for 1977-1996 is 
based on income distribution data by household units compiled in the Family Expenditure 
Surveys (FES, various years). For a discussion of the data set used, see Jackson & Marks 
(1994) and Jackson et al (1997). The data can be found in Appendix 7. 
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Figure 7-11. Income distribution (Gini Coefficient) in the UK and in Sweden 
76 Equivalence scales are used to weight the number of adults and children in a family to make the families 
comparable. 
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As Figure 7-11 illustrates through to about 1980, income distribution improved 
significantly in Sweden (whilst remaining largely static in the UK). In fact, the index of 
inequality of income fell by over thirty percentage points between 1950 and the minimum 
level of inequality in 1983. During the later years of the study, income inequality 
increased marginally by comparison with 1983, but nevertheless remained considerably 
lower at the end of the period than it had been at the beginning. During the 1980s, income 
inequalities increased dramatically in the UK, whereas in Sweden the index more or less 
levelled out. One of the explanations of the more equalised income distribution in Sweden, 
has been the Swedish government's long-term commitment to smooth out inequalities. For 
example, the tax and benefits systems as well as regulation of the employment market 
(such as the minimum wage) have actively been used in order to move towards a more 
equal society. Björklund (1995: 2) pointed out that: "Sweden had one of the most equally 
distributed incomes in the World around 1980 and in the second half of 1980s ". The trend 
over the last 40 years towards a more equalised income is opposite to the trend in the UK, 
where the inequalities in income have risen. Since the 1950s income inequalities in the UK 
have been increasing. Part of the increase in inequalities in the UK can be credited to low 
economic growth and changing household patterns (ageing population). But Atkinson 
(1993) also points out several domestic reasons for rising inequalities in the UK: a shift 
from work-related to benefit-related income, changes in benefits coupled with a rising 
number of unemployed and pensioners, rising inequalities among those not in work and a 
rise in earnings inequalities. In the UK, intervention by the government has been limited. 
It is, for example, only very recently, that the UK government has established a minimum 
wage. 
In Figure 7-12 the Atkinson index is illustrated for the UK and Sweden using an epsilon 
value of 0.8. The income distribution data for the Atkinson distribution index for the UK 
has been taken mainly from a report prepared by the Institute of Fiscal Studies providing 
decile shares of post tax income for the years 1961-1991 (Goodman and Webb 1994, 
Table 2.3). For the years not covered by this study, an index based on Gini coefficient 
data has been used to extrapolate the Atkinson index. For Sweden, disposable income per 
consumption unit for family units in decile groups published by Statistics Sweden (SCB 
various years) has been used. For those years where income per consumption unit was not 
available, income per family units was used and linked to the years where income per 
261 
consumption unit was available. For those years where no decile data on disposable 
income could be found, an index based on Gini coefficient data was used to extrapolate 
the Atkinson index. See Appendix 7 for data. 
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Figure 7-12: The Atkinson indexes in the UK and Sweden 
The trends illustrated in Figure 7-11 can also be noticed in Figure 7-12, there are 
improvements in income distribution during the early years of the study, but then the 
inequality increases from the late 1970s and onwards. This trend is more marked in the 
UK. 
An interesting characteristic of the Atkinson index, as pointed out in previous chapters, is 
that it can be interpreted as the loss of welfare associated with a given level of inequality 
in the distribution of incomes. In fact Figure 7-12 reveals that in 1978 the loss of welfare 
for the UK was around 6.5%, a slight improvement over the 9% loss associated with 
income inequality in 1950. By 1996, on the other hand, the welfare loss had more than 
doubled to over 14%. 
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7.4.2 Distributionally adjusted consumer expenditure 
In Chapter 6, ways to account for the welfare effect of an unequal distribution of income 
by using the Gini coefficient and the Atkinson index were examined. Here they are tested 
by weighting personal consumption per capita in the UK and in Sweden. The reason for 
weighting consumption is that many welfare measures are based on consumption, as it is 
assumed that there is a direct relationship between consumption and welfare. It is clear 
that personal consumption. provides some indication of the amount of money consumers 
are willing and able to pay for the goods and services through which welfare may be 
provided. However, for various reasons, many of which are discussed elsewhere, this 
measure may not in itself provide an unassailable basis from which to account for welfare 
in a nation (see chapter 2). Examples of consumption based welfare measures are ISEW 
(Daly & Cobb 1989), MEW (Nordhaus & Tobin 1972) and WI (Rormose Jensen & 
M, llgaard 1995). 
Data on personal consumption have been published in Sweden since the 1950s by 
Statistics Sweden in the annual National Accounts (SCB 1993). Personal consumer 
expenditure in the UK is provided by the UK National Accounts, and published in the 
Economic Trends Annual Supplements (ET, various years). 
As can be seen from Figure 7-13, personal consumption has been constantly increasing in 
the UK since the 1950s. When weighting personal consumption with a relative Gini 
coefficient (where Gini 1950=100), the effect will be either positive or negative depending 
on whether the distribution of income is lower or higher relative to 1950. In 1984, 
inequalities started to increase relative to 1950, which led to a negative effect on personal 
consumption. Adjusting with the Atkinson index yields a different result. Rather than 
adjusting personal consumption with the welfare loss of the rate of change of distribution, 
the actual welfare loss due to a certain distribution is calculated. As society, in this case is 
assumed to have preference for a more equally distributed income (reflected by using an 
epsilon value of 0.8), adjustment using the Atkinson index has a depressive effect. Data 
underlying Figure 7-13 can be found in Appendix 9. 
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Figure 7-13: Personal consumption per capita in the UK weighted with income distribution 
In Figure 7-14, personal consumption, the weighting with the relative Gini coefficient and 
the adjustment with the Atkinson index for Sweden are illustrated. Data can be found in 
Appendix 10. 
140 000 
120 000 
100000 
I- C e I 
80000 
C 
P 
60 000 
a ä 
a Y 
L 
Q 40 000 
Weighted with 
relative CIM 
Personal 
*. -.. 
-Consumption 
O, P 
i 
ººº 
Weighted with 
º Atklnron 
20 000 
o 
. 
Pn 
win 
ýýHPN 
wý+ 
PHPP 
ý'+ 
ýH 
Figure 7-14: Personal consumption per capita in Sweden weighted with income distribution 
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Figure 7-14 illustrates how income distribution in Sweden has been equalised over time 
relative to year 1950. The weighting with the relative Gini coefficient leads to positive 
welfare effects, while the adjustment with the Atkinson index leads to a negative welfare 
effect. It is interesting to note that the impact on welfare using the Atkinson index is fairly 
constant. One of the reasons for this is that the same epsilon value in the Atkinson index 
(the attitudes towards income inequalities) has been used while it is likely that as income 
inequalities decrease, the epsilon value also changes. The depressive effect on personal 
consumption from the adjustment with the Atkinson index is larger in the UK than in 
Sweden, since distribution of income has been more unequal in the UK. 
While the difference between the countries can be related back to the different income 
distribution policies discussed above, the differences due to the inequality indexes depend 
on some conceptual issues and the assumptions made. The difference between the two 
inequality measures used is particularly noticeable in the Swedish case, where the 
weighting with the Gini coefficient actually has a positive effect on expenditure while the 
Atkinson index has a depressive effect. The main cause of this is probably that the Gini 
coefficient is linked to a base year (1950=100), so if income inequality in that particular 
year was very high (relative to subsequent years), the remaining years would gain a value 
of less than 100 and have a positive impact. Further, by using the same base for two 
different countries with the same value for this base year (100), the failure to account for 
the baseline difference will hide the actual difference in income distribution in countries 
and only show the change in distribution. Another cause of the difference could be that the 
indexes make different assumptions regarding the distribution. The Gini coefficient 
emphasises distribution towards the middle while the Atkinson index emphasises 
distribution towards the lower income groups. 
7.4.3 Adjusting a sustainable welfare index with income inequality 
In this thesis the ISEW methodology is used as a case study example of a measure of 
sustainable welfare, and forms here the basis of a distribution adjusted welfare index. In 
Figures 7-15 and 7-16 the UK and Swedish ISEWs have been adjusted with income 
distribution. The first scenario shows ISEW per capita where personal consumption has 
been weighted with a relative Gini coefficient. The second scenario shows ISEW per 
capita where personal consumption has been adjusted with the Atkinson index (epsilon 
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0.8) (assuming that, for the sake of this study, it is possible to apply the Atkinson index in 
the same way to expenditure as to income). The two scenarios are compared to the ISEW 
with no adjustment for income inequality. Note, for Sweden the comparison is done using 
the original Swe-ISEW (Jackson & Stymne 1996) as a basis (converted to Sek 1990). For 
the UK, the comparison is made using the UK-ISEW as developed by Jackson et al 
(1997). For data see Appendix 9 and 10. 
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Figure 7-15: UK-ISEW weighted with the Gini coefficient and with the Atkinson index 
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Figure 7-16: Swedish-ISEW weighted with the Gini coefficient and with the Atkinson index 
These graphs show the now-familiar departure of ISEW from the trend in GDP over the 
later years of the study. However, they also illustrate the impact which income inequality 
adjustment has on the index. In both case study countries, the distribution-adjusted ISEW 
is depressed below the unadjusted measure. For Sweden, the negative impact due to the 
adjustment is relatively constant over the time period, indicating that the welfare impact of 
inequalities has not changed drastically over this period. The negative effect is 
considerably greater however for the UK. Indeed, the impact of the income inequality 
adjustment changes the shape of the ISEW over the later years of the study from one in 
which sustainable economic welfare is relatively stable (although with some fluctuations) 
to one in which sustainable economic welfare is falling. It is clear from this analysis, that 
distributional adjustments can have a significant influence over judgements about the trend 
in real welfare over time. 
It is to be observed that the unweighted index peak departs much more radically from 
GDP than does the weighted index. The unweighted Swedish ISEW is only around 44% 
higher at the end of the period than it was at the beginning and the average annual growth 
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rate is considerably lower (at 0.9% per annum) than growth rate in per capita GDP. " 
Income distribution may therefore be seen to exert a substantial positive impact on the 
Swedish ISEW. In other countries (particularly in the USA and UK), the effects of income 
distribution have tended to exert a depressive effect on the index. This analysis shows two 
main things. Firstly, income inequality does have an effect on an index of sustainable 
welfare and this effect can be quite dramatic. Secondly, it is important to note that the 
choice of income inequality index used will have a major impact on the outcome. 
7.4.4 Sensitivity analysis 
As noted in Chapter 6, all inequality measures include value judgements. In most indexes 
these value judgements are made implicitly. However, in the Atkinson index they are 
made explicit through the value of epsilon. In this section, a sensitivity analysis of income 
inequality adjusted GDP per capita in Sweden and the UK is performed, using a range of 
epsilon values derived in Chapter 6. It will be recalled that Atkinson's definition of the 
parameter epsilon is "the weight attached by society to inequality in the distribution" 
(Atkinson 1983: 56). A value of zero would mean that society is indifferent' to the 
distribution of income. The higher the value of epsilon the more concerned society is with 
income inequalities therefore as the value of epsilon rises, more weight is put on the lower 
income groups. When c has reached infinity, society will accept nothing less than total 
equality. A value below zero would mean that society is actually prepared to forego some 
income in order to achieve greater inequality. 
Table 7-2 below shows how income inequality indexes (I) are affected by different values 
of the parameter c. A range of epsilon values are applied to Sweden and the UK in 1992. 
It is of interest to note however that the unweighted ISEW fell less dramatically than the weighted ISEW 
during the last twelve years of the study. 
78 It might be more correct to say that there are no social welfare implications of having income inequalities. 
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Epsilon Country Index Minimum income level 
necessary to keep the same 
level of welfare as today, but 
with an equally distributed 
income 
=-0.5 Sweden -0.034 103.4 % 
UK -0.065 106.5% 
=0.8 Sweden 0.0825 91.7% 
UK 0.136 86.4% 
F- =1.36 Sweden 0.142 85.8% 
UK 0.218 78.2% 
s =1.65 Sweden 0.173 82.7% 
UK 0.256 74.4% 
c =1.97 Sweden 0.208 79.2% 
UK 0.295 70.5% 
£ =3 Sweden 0.316 68.4% 
UK 0.396 60.4% 
Table 7-2: Income inequality index in the UK and in Sweden in 1992 for different values of 
epsilon 
When c=0.8, the income inequality index is 0.136 for the UK. The interpretation of this 
figure is that the UK could reach the same level of social welfare with only (1-0.136) = 
86.4 % of present total income, if income was more equally distributed. The value of (I) 
depends not only on the value of epsilon, but also on the way in which current income is 
distributed. The greater the current inequality, the higher the value of I. In Figures 7-17 
and 7-18, sensitivity analysis is performed on Swedish and UK personal consumption 
data, where consumption is weighted using the Atkinson index, for a range of values of 
epsilon from -0.5 - 2.5, as derived and discussed in chapter 6. See Appendix 9 and 10 for 
data. 
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Figure 7-17: Sensitivity analysis for the value of epsilon for Sweden 
8 000 
7 000 
6 000 
IL C 
5000 
O 
4 000 
a 
a 
3 000 
e--0.. c 
e-0 
" 
"ý e+1.9 
.ý . -ý ,.. _ý. _ý 
a 
2 000 
1 000 
aaääaaaaaä 
-wý 
ä- 
-- 
--&-------- 
ýr ýNNNN ýr N ýr ý. q N 
Figure 7-18: Sensitivity analysis for the value of epsilon for the UK 
As can be seen from the two Figures, the higher the aversion to inequality (i. e. the higher 
the value of c), the greater the depressive effect on personal consumption. In fact, when 
income inequality increases over time, as in the UK, the measure would be expected to 
experience a downward influence in the later years (in a society that is averse to income 
inequality). Conversely, in a society, which positively favours income inequality, the 
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reverse trend would be visible. This is evident from the Figures above. At 6=0, personal 
consumption reduces to an index which takes no account of income distribution, since at 
this value society has no aversion towards income inequality. From the Swedish data in 
Figure 7-17 it can be seen that since inequality has improved during the majority of the 
study period (with the exception of the final years), the depressive effect on the index does 
not increase over time to the same extent as in the UK. 
Figure 7-19, shows a sensitivity analysis on the distribution adjusted ISEW for the UK 
over the period 1950-1996, using some of the values of epsilon from above (data in 
Appendix 9). 
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Figure 7-19: Sensitivity of distributional adjustments in the UK to the value of c 
For larger values of c, Figure 7.19 shows a rather significant depressive effect on the 
welfare index over time. In fact, a choice of c=2.5 
leads to a shift in the ISEW, which 
dominates most of the other adjustments to the index, including those introduced by 
ecological variables (Jackson et al 1997). Thus, 
in a society where there is high aversion to 
income inequality (i. e. there is a high c value), distributional issues could be given as a 
high a priority as environmental issues, or perhaps even a higher priority. If an even 
broader approach to the distributional issue is taken, which accounts not only for income 
inequalities, but also for inequalities in the distribution of ecological resources, the relative 
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emphasis of ecological and distributional variables in the ISEW could change 
considerably. One possible outcome might be that a country with a high aversion to 
income inequality would also have a high aversion to ecological inequalities, and the 
depressive effect on the welfare measure would be further increased. Taken in conjunction 
with the arguments and relationships put forward in chapter 2, these considerations 
reinforce the conclusion that addressing the problem of income inequality is a critical 
component in the search for sustainable development. 
7.5 Capital in the ISEW 
In Chapter 2, the role that the concept of capital can play in measuring macro-economic 
sustainable welfare was illustrated. In fact, in ISEW, the concept of capital has come to 
play two roles. Firstly, it allows for sustainability and welfare to be expressed in the same 
index. Secondly, it gives a coherent methodology for including not only economic and 
financial variables but also social and environmental variables into an aggregated measure 
The ISEW methodology applies the capital concept to economic, financial, human and 
natural resources, and thereby allows them to be treated under the same framework, using 
similar techniques. The impacts that the different types of capital have on the UK and 
Swedish indexes are illustrated below. The capital concept has also allowed for an 
integration of sustainability aspects into the index. First of all, one way of theoretically 
conceptualising sustainable development through the concept of capital has been to 
assume that the consumption possibilities of future generations are affected by the capital 
stock, and that one way of ensuring a sustainable economy would be to keep the capital 
stock intact. By the inclusion of the change in the human-made capital stock and the 
integration of the depletion and degradation of the natural capital stock, the index reflects 
the impact on the capital stock that economic development has. 
Human-made capital is taken into account in the ISEW methodology as it is suggested that 
to meet the growing demands of an increasing population, the supply of capital must be 
growing (Daly & Cobb 1994: 491). In Table 7-3, the per capita contribution of human- 
made capital in the UK and the Swedish ISEWs is illustrated. The figures are expressed in 
the national currency and represent the average inclusion of net capital growth per decade. 
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The percentage figures in brackets illustrate the share of the capital inclusion of the total 
ISEW. The last column in Table 7-3 represents the average annual impact during the 
studied time-period. 
1950-1960 1960-1970 1970-1980 1980-1990 1990-1996 1950-1996 
UK (f) 13 166 443 -20 11 130 
(0.7%) (7.6%) (15.5%) (-0.8%) (0.3%) (5.0%) 
Sweden (Sek) 2839 2852 5124 4784 9556 4742 
(5.2%) (4.1%) (5.9%) (6.0%) (12%) (6.3%) 
Table 7-3: The average human-made capital per capita in the UK and Swedish ISEW 
From Table 7-3, it is clear that the average annual growth of the real capital stock with 
respect to the workforce has generally been positive. This indicates that investment per 
person in the workforce is increasing and that hence, from the human-made capital 
perspective, the economy can be argued to be sustainable. One exception is the UK during 
the decade 1980-1990, when the average net capital growth of the workforce was negative. 
This indicates that during this period capital was declining relative to the workforce and 
thus implies unsustainable behaviour. 
Financial capital can reflect the self-reliance of an economy. Daly and Cobb argue that this 
is a required variable for sustainability and therefore include it. "Sustainability requires 
long-term self reliance" (Daly & Cobb 1994: 448). Daly and Cobb try to reflect the impact 
that financial borrowing and lending can have on sustainable welfare by including the 
changes in net international position. A negative position, where borrowing is larger than 
lending, has a negative effect on the index. Borrowing for consumption can be interpreted 
as living beyond a country's means. In the ISEW methodology such behaviour is seen as 
unsustainable. The net international position as registered in the national accounts can 
reveal whether or not an economy is borrowing for consumption. Table 7-4 illustrates the 
average per capita net international position per decade in the UK and Sweden. As in 
previous table, this figure is also expressed in brackets as a percentage of the total ISEW. 
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1950- 1960- 1970- 1980- 1990- 1950- 
1960 1970 1980 1990 1996 1996 
UK (£) 31 4 -2 79 -158 0 
(1.7%) (0.2%) (0.1 %) (2.7%) (-5.8%) (0.1%) 
Sweden 325 11 -429 -3565 -4389 -1432 
(Sek) (0.6%) (0. (%) (-0.5%) (-4.6%) (-5.5%) (-1.7%) 
Table 7-4: The average and percentage financial capital per capita in the UK and Swedish 
ISEW 
From Table 7.4 it can be seen that since the 1970s, Sweden has had a negative 
international position, contributing to a lower ISEW. This means that the Swedish 
economy, in Daly & Cobb terms, is unsustainable in the sense that it borrows for 
consumption. The reason for the negative international position can most probably be 
found in the recession that hit Sweden in the end of the 1980s. However, during the 
second part of the 1990s (not wholly reflected above) the economy picked up and the 
negative impact on ISEW from financial capital decreased. The average contribution to the 
I K-ISEW from the net international position during the studied time period has been 
neutral. However, a similar trend of negative contribution from financial capital, as in the 
Swedish case, can be noticed during the 1980s and beginning of the 1990s. 
Daly and Cobb explicitly exclude human capital from the ISEW, even though they 
recognise its importance in sustainable welfare and implicitly include it by accounting for 
the education and health components. Fifty percent of the public expenditure on health and 
education is seen as contributing to the overall sustainable welfare and therefore added to 
the ISEW. Half of the private expenditure on health and education is deducted from the 
index (defensive expenditure), since the total expenditure is already integrated in personal 
consumption. Table 7-5 illustrates the average human capital per capita and per decade in 
the UK and Sweden. 
1950- 1960- 1970- 1980- 1990- 1950- 
1960 1970 1980 1990 1996 1996 
UK (f) 44 115 178 212 246 160 
(4.2%) (5.3%) (6.3%) (7.3%) (9.1%) (6.3%) 
Sweden 1258 2527 4995 6540 6447 4220 
(Sek) (2.3%) (3.6%) (5.7%) (8.3%) (8.1%) (5.5%) 
Table 7-5: The average and percentage human capital per capita in the UK and Swedish 
ISEW 
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From Table 7-5, it can be seen that the human capital share within ISEW is relatively 
small when comparing it to the estimates discussed in chapter 2. In fact, arguments that the 
human capital component is at least as large as the human-made capital component have 
been suggested (see chapter 2). 
As stated in Chapter 2, natural capital has two main roles in the ISEW methodology. 
These roles are to account for the effect that the economic process, through its impact on 
the environment, has on the welfare of both current and future generations. This can be 
achieved through the qualitative and quantitative changes in natural capital. Quantitative 
changes in natural capital are included in ISEW as depletion for non-renewables such as 
fuels minerals, wetlands and farmland. Qualitative changes, are for example long-term 
environmental damages. Long-term environmental degradation, depletion of non- 
renewable resources and pollution of the natural environment all affect the natural capital 
stock. Adding these three components together results in the largest negative contributor to 
the UK and Swedish ISEWs. In Table 7-6 the impact the 'natural capital component' has in 
the UK and Swedish ISEWs is illustrated. 
1950- 1960- 1970- 1980- 1990- 1950- 
1960 1970 1980 1990 1996 1996 
UK (f) -1443 -1884 -2474 -3087 -3626 -2431 
(-82.2%) (-87.8%) (-87.8%) (-105.8%) (-133.9%) (-97.3%) 
Sweden -11448 -18278 -25903 -33885 -39426 -24918 
(Sek) (-21.2%) (-26.5%) (-29.8%) (-42.9%) (-49.6%) (-33.0%) 
Table 7-6: Natural capital per decade in the UK and Swedish ISEW 
As can be seen from Table 7-6, the natural capital component in Sweden does not make up 
as large a part of the Swedish ISEW as in the UK. Another interesting point is that the 
natural capital component in both the UK and 
Sweden has risen over time. To understand 
why, an analysis of the different types of natural capital components included in the total 
is needed. It is mainly the components of depletion of natural capital and long-term 
degradation that have risen, while the pollution variables (including air, water, noise) have 
been stable or decreasing. The natural capital component in the UK during 1950-1996 is 
shown in Figure 7-20 and for Sweden in Figure 7-21 and the underlying data can be found 
in Appendix 11 and 12. 
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Figure 7-20: Natural capital component in the UK-ISEW (1950-1996) 
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Figure 7-21: The natural capital component in the Swedish ISEW (1950-1996) 
Figures 7-20 and 7-21 show the natural capital component in the UK and Swedish ISEWs. 
As can be seen the Swedish ISEW differs from the UK in several ways. Firstly, the 
increase in the depletion variable is much steeper in Sweden than in the UK, indicating 
that per capita use of resources is increasing dramatically. The rise in long-term 
degradation is, however, less dramatic. The pollution component indicates a much higher 
ratio of total natural capital than in the other two cases. The reason for the natural capital 
component having a different appearance in the Swedish case depends most probably on a 
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different energy system, as highlighted earlier. First of all, nuclear energy was introduced 
in the 1970s, which explains some of the dips in the overall natural capital graph at this 
time. Further, Sweden has the good fortune of having access to several renewable energy 
sources, mainly hydropower, which do not have a negative impact in the index. 
From the empirical analysis above, we have seen that the capital concept has been used 
within the ISEW methodology to integrate economic, environmental and human 
dimensions into the index. The analysis has allowed a direct comparison between the two 
countries as well as between the different capital concepts. 
7.6 Discussion 
The development and empirical application of the accounting methodologies for long-term 
environmental degradation, depletion of natural capital and the accounting for intra- 
generational equity have been subject to analysis in this chapter. The empirical results, in 
the form of updated UK and Swedish ISEWs are presented in Figures 7-22 and 7-23 along 
with the original UK and Swedish ISEWs and GDP. In Appendix 13 and 14, the 
underlying estimates of each of the variables contributing to the negative and the positive 
effects for the updated ISEW are presented. 
For the UK, the updating process has had an overall positive effect on the measure of 
sustainable welfare. Some of the updating was already conducted in Jackson et al (1997), 
for example the income distribution adjustment and the long-term environmental damage 
estimate. Therefore, in Figure 7.22 below three ISEW graphs are shown. Firstly the 
original by Jackson & Marks (1994), secondly the updated version by Jackson et al (1997) 
and thirdly the final update where all changes as proposed in this thesis have been taken 
into account (broken line). The data for Figure 7.22 can be found in Appendix 13. 
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Figure 7-22: UK-ISEW with and without the updated methods/figures 
Comparing the revised UK-ISEW with the earlier version of the index which covered the 
period from 1950-1990 (Jackson & Marks 1994), Figure 7-22 shows that the adjustments 
made have had a positive effect on the index leading to a less dramatic picture of 
sustainable welfare than first presented. The main reason being the application of the 
Atkinson income distribution index, which has had a positive effect on the index, in 
particular from the middle of the 1970s and onwards. With the adjustments made, 
sustainable welfare in the UK since 1975 has remained fairly constant with an average 
annual growth rate of -0.27%. In fact, between 1975 and 1990 the annual growth rate was 
0.08%, which can be compared with an annual growth rate of -4% for the same time 
period with the original UK-ISEW. The updated ISEW by Jackson et al (1997), included 
the application of the Atkinson index. The difference that can be seen between the updated 
ISEW by Jackson et al (1997) and the updated UK-ISEW as suggested in this thesis (the 
broken line) is mainly due to the adjustments for depletion of natural capital. 
In Figure 7-23, the difference between the original and the updated Swedish ISEWs is 
clearly illustrated. As can be seen, the updating process has led to sustainable welfare 
being revised downwards, indicating that the 
first estimate by Jackson & Stymne (1996) 
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overestimated sustainable welfare in Sweden. The data for Figure 7.23 can be found in 
Appendix 14. 
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Figure 7-23: Swedish ISEW with and without the updated methods/figures 
The main reason for this change, as with the UK revision, is the adjustment made for 
income distribution. The difference in methodologies was clearly highlighted in section 
7.4. The growth rate of the ISEW from 1970 and onwards, when the original and updated 
Swedish ISEWs start to diverge, is interesting to analyse. The growth rate in the original 
ISEW was about 0.6% between 1970-1992, whilst for the revised ISEW the growth rate 
for the same period was only 0.04%. The revised Swedish index confirms even more 
clearly the characteristic drop in sustainable welfare from the middle of the 1970s and 
onwards, however during the 1990s the index seems to have levelled out. 
The unique opportunity of comparing sustainable welfare in two European countries that 
has been provided by this research has led the development of macro-economic 
sustainability measures forward. In fact, it was the work on the Swedish ISEW and the 
comparison with the UK ISEW, which led to the studies on the role of the capital concept 
in measuring sustainable welfare and intra-generational equity. Further, the way in which 
society is currently developing where ranking, comparing, grading and benchmarking are 
frequently used in the media and in policy contexts, have added further weight to the 
interest in comparability. One conclusion that can be drawn from this, is that it can be 
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valuable to strive for measurement practices which stress comparability, even though there 
can be a risk that in this process some rough assumptions must be made in order to reach 
this goal. 
Comparing the Swedish and UK ISEWs has also had its difficulties. The main problems 
relate to difficulties in finding consistent physical time-series data, in finding ways to 
adapt the index to national circumstances whilst striving for comparability and in finding 
and applying appropriate valuation techniques. Working with historical data also led to 
problems related to changes in classification and reporting procedures. The most difficult 
time series data to find, was for environmentally related data, due to often inconsistent and 
incoherent reporting. The aim during the data gathering has, however, been to use data that 
as closely as possible reflects national circumstances. Therefore national rather than 
internationally reported data has been used. However, in some cases, such as early energy 
data, international literature had to be used. The best available data might not always be 
the most preferred. 
7.6.1 Summary 
The purpose of the above case study analysis has been to test the new methodologies for 
accounting for long-term environmental degradation, depletion of non-renewable natural 
capital and accounting for intra-generational equity. Further, both the UK and Swedish 
ISEWs have been updated to 1996 and expressed in 1990 monetary values. Both indexes 
have been compared and the new and original methodologies have been evaluated. It is 
clearly the case that both the UK and Swedish ISEWs have been affected as a result of the 
updated methodologies and data used. The assumptions made for the estimates are 
believed to be consistent with the theoretical sustainable welfare interpretation of the 
ISEW methodology. However, the different measures discussed in this thesis do lead to 
different results. One of the problems with the construction of macro-economic measures 
is their sensitivity to the methods chosen and data availability. Therefore it can be difficult 
to recommend one methodology or data set over another. However, all the discussions and 
methods illustrated highlight that as it stands the conventional measure - GDP is a poor 
indicator of sustainable welfare. It is clear that economic growth (e. g. growth in GDP) 
does not automatically ensure growth in overall welfare. 
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8. Concluding discussion and future research 
The overall objective of the research in this thesis has been to contribute to the work on 
providing information about the progress towards sustainability. This has been achieved 
by analysing the theoretical and empirical aspects of adjusting macro-economic measures 
for social, environmental and equity variables. The specific objectives of this research 
have been threefold. 
The first specific objective of this thesis has been to analyse the role that the capital 
concept can have in measuring sustainable welfare. The main motivation behind this 
objective is that there has been a demand for new methodologies and concepts on which 
the adjusted or new macro-economic measures can be built. Capital is one such concept. 
The work in chapter 2 addressed the role of capital from a theoretical and an accounting 
perspective by analysing how the capital concept has been used within the conventional 
theoretical and accounting literature and how it has come to be used in macro-economic 
sustainability indexes. The capital concept can fill the following functions: 
" Capital can help in conceptualising the theoretical concept of sustainable development. 
This has been done, for example, by defining sustainable development as 'maintaining 
the capital stock intact for future generations'. 
" Expanding the capital concept allows human and natural resources to be treated under 
the same framework as human-made capital. This can be done both on the theoretical 
and the accounting side. 
" Capital can be used to conceptualise sustainable welfare, by defining sustainability as 
the stock of capital and welfare as the services flowing from the capital stock. 
From the analysis it is apparent that the role of capital in the theoretical literature has been 
to conceptualise sustainable development by interpreting it in capital terms and secondly, 
to include a wider perspective of growth, development and welfare through an expanded 
capital concept. The expanded capital concept includes all assets that have a productive 
capacity and generate dividends for the future. 
The capital concept has thus been expanded 
to take into account human and natural capital. The characteristics of the expanded capital 
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concept were outlined in chapter 2. The second part of chapter 2 analysed the role of 
capital within the accounting framework. Here, particular attention was paid to the usage 
of the capital concept in the conventional and revised system of national accounts as well 
as in the Index of Sustainable Economic Welfare methodology (Daly & Cobb 1989). From 
the research, it is apparent that one of the main strengths of capital is that it is an 
established concept within the economic framework and that it helps to incorporate 
aspects of sustainability into formal economic analysis. Therefore by using its structure it 
is easier to clearly point out failures and improvements that can be made within the 
theoretical and empirical literature. However, there are some limitations and problems 
with using the capital concept. For example, it implies reproducibility, substitutability and 
measurability. 
The second specific objective of the thesis has been to discuss and analyse methods for 
integrating environmental, social and equity concerns into macro-economic 
measurements. This has been done by analysing the theoretical and empirical work on 
these variables to suggest a possible methodology for inclusion in a measure of sustainable 
welfare. The work has focused on three areas: 
0 accounting for long-term environmental degradation (chapter 3) 
0 accounting for the depletion of natural capital (chapter 4) 
0 accounting for intra-generational equity (chapter 5& 6) 
These variables have been shown to have a substantial impact on sustainable welfare 
(Jackson & Stymne 1996) and all three variables are seen as important for future and 
current welfare. Another motivation for the analysis, is the critical response that these 
factors received after publication of the original ISEW methodology. 
Natural capital functions as a way of describing natural resources and the environment. 
The long-term degradation of natural capital, due to, for example, greenhouse gas 
emissions, is an important aspect of sustainable welfare since the degradation does not 
necessarily impose a negative effect on the current 'emitting' generation, but rather on 
future generations. The specific problem with the emission of greenhouse gases is that it is 
the accumulated emissions that contribute to damage and this damage will occur at 
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sometime in the future. Chapter 3 has dealt with this problem, which has often been 
ignored, in the accounting literature. A number of different aspects and methodologies for 
integrating long-term environmental degradation into a measure of sustainable welfare 
were analysed. The method that was finally recommended uses a varying marginal cost 
estimate applied to the aggregated cumulative emissions. By using this methodology, the 
present value of the welfare of future generations is taken into account. 
Natural capital is also constantly being used up in the economic process. If non-renewable 
capital is being used, this means that the resource is being depleted which will in turn 
affect the consumption and production possibilities of future generations. Therefore, from 
an inter-generational perspective, the usage of non-renewable capital is not sustainable. 
The problem with traditional macro-economic measures such as GDP is that no account is 
made for the depletion of non-renewable capital. This has led to a situation where 
countries that deplete non-renewable capital have been seen positively, whilst countries 
that preserve natural capital for future generations are ranked lower due to their lower 
GDP growth rate. The conventional accounts have, however, been addressing this issue 
during the 1990s. As yet, there is no general international agreement on how non- 
renewable natural capital should be treated. Chapter 4 discussed the problems and 
suggested some methods for integrating the depletion of non-renewable capital into a 
sustainable welfare index in order to take account of the inter-generational effect. The 
method suggested is based on taking a replacement cost value of the depleted resource and 
integrating this into the accounts as a cost. Thus at least the potential depletion cost to 
future generations is to some extent reflected. 
To date, inter-generational equity i. e. equity between generations has received the majority 
of attention when dealing with sustainability. There is, however, another aspect of equity 
that is of importance for the well-being and sustainability of society - intra-generational 
equity - i. e. equity within a generation. 
This equity dimension is well recognised within 
economic theory and, it is argued in this thesis, that it is an important factor in sustainable 
development. The reasons for this are the links between income inequality, economic 
growth, human capital and the environment. 
Thus, levels of inequality in the economy 
may have a considerable impact not only on present 
levels of well-being, but also on the 
well-being of future generations. The objective of chapters 5 and 6 was the integration of 
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distributional aspects into a sustainable welfare measure. Several obstacles are at present 
hindering such integration, for example the complex relationship between distribution and 
sustainable welfare and a lack of a sound methodology. 
In chapter 5, the links between intra-generational equity and sustainable welfare were 
explored by analysing the relationships between income, environment, human capital and 
their distribution. It was highlighted that the relationship between income distribution and 
welfare is well recognised in the economic literature where it is in general argued that a 
more equal distribution of income leads to higher overall social welfare. This argument is 
based on the fact that there are often preferences for income equality in society, marginal 
utility of income is diminishing and there is a trade-off between equity and efficiency. The 
distribution of income can also have an impact on other resources in the economy such as 
environmental and human capital. For example it was noted that the distribution of income 
could directly influence environmental quality through the link between the distribution of 
income and power, where a more equitable distribution of power leads to improvements in 
environmental quality. There are also links between income distribution and human 
capital, where it has been suggested that dampening income differentials can be one of the 
most effective ways of improving health, since income inequalities can lead to so called 
social stress. 
The relationships between the distribution of environmental capital, human capital and 
social welfare were also discussed. The distribution of environmental resources has in fact 
been analysed in the environmental justice literature since the 1970s. The links are 
sometimes unclear or contradictory. However, the main result that can be observed is that 
the relationship is complex, data availability is scarce and more research is needed to 
define the linkages. The distribution of human capital, such as access to and quality of 
education and health care for different income groups can further increase social 
differences. One conclusion of the chapter follows the suggestion made in the independent 
inquiry of health (Acheson 1998) that distribution should be taken into account when 
assessing the viability of a public process or a project. 
It is not just the complexity of the relationship between equity and welfare that has worked 
as a brake on adjusting macro-economic measures with intra-generational equity, but also 
the lack of methods for making such adjustments. In chapter 5, different methods for 
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integrating intra-generational equity into welfare measures were also discussed. The 
income distribution measure suggested as most appropriate is the Atkinson index, which is 
based on the social welfare model. The main advantage of this index is that it offers an 
immediate interpretation in terms of social welfare. Further, society's aversion towards 
income inequality can be explicitly included through the parameter of epsilon. This is an 
advantage where countries have different attitudes (and thereby welfare interpretations) 
towards inequality. The difficult part is then the way in which the parameter is determined. 
Chapter 6 was devoted to exploring the epsilon parameter. The epsilon parameter 
measures society's attitude towards income inequality, and by determining the value of 
epsilon it is possible to define the welfare loss associated with an unequal distribution. 
Two main approaches to determining the attitudes to income inequality in society have 
been discussed and analysed. In the first approach, the attitudes were revealed by 
analysing the behaviour or structure of the society. This approach is termed the indirect 
approach. Included here were studies on consumer behaviour and government tax 
structure. Analysis of the tax structure in the UK, following attempts by Piggott (1987) 
and Stern (1977) allowed a UK epsilon value to be derived by determining the rate at 
which marginal utility diminishes with income. In the second approach, society's attitudes 
towards income inequality were revealed from direct studies. Data from the International 
Social Survey Programme was used to reveal perceived and preferred income levels and to 
derive an epsilon value for the UK through the transfer efficiency formula. The results 
from these two studies for the UK in 1992 were epsilon values of 2.2 and 1.63 
respectively. However, due to insufficient data, the emphasis of the chapter lay in 
describing the potential methods and reviewing existing studies. On the basis of this and 
the empirical studies reviewed, the recommended range of epsilon values should be 
between 0.5 to 2.97. In fact, this is close to Schwartz and Winship's (1979) estimated 
range -0.5 - 2.5. There are, however, still some unresolved questions regarding the epsilon 
value. 
The third specific objective in the thesis has been to empirically apply and evaluate a 
measure of sustainable welfare. The methodology of the Index of Sustainable Economic 
Welfare developed by Daly & Cobb (1989) has been used. The ISEW methodology was 
chosen as it does not merely provide a way of measuring sustainable welfare, but also has 
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come to work as a way to present and synthesise criticism towards the conventional 
accounting procedures and indicators discussed in the theoretical literature. Further, it has 
stimulated discussion and debate and contributed to valuable methodological insights and 
development into the measurement of sustainable welfare. The ISEW methodology has 
been used here to illustrate and compare sustainable welfare in two European countries, 
the UK and Sweden. The integration of long-term environmental damage, depletion of 
natural capital and intra-generational equity and the usage of the capital concept were all 
tested within this framework. The revised UK and Swedish ISEWs, as presented in chapter 
7, clearly show the differences that exist between a conventional measure of welfare and 
an index of sustainable economic welfare, suggesting that GDP does not correctly reflect 
the current trends in society. 
Taken as a whole, the work in this thesis contributes to the information on the progress to 
sustainability. In fact, many of the macro-economic sustainability measures developed 
during the 1980s and 1990s, have come to act as tools for conceptualising, monitoring, 
communicating and evaluating sustainability. This aids decision making in the work 
towards a sustainable society. However, even though improved accounting can be an aid 
to better decision making, it is not a guarantee that the decisions will actually be improved 
(Ahmad et al 1989: 3). An important task for future work on development of macro- 
economic measures, will therefore be to find ways in which to help decision-makers make 
use of the information flow provided by the new macro-economic sustainability measures. 
The risk is otherwise that there will be continued ad-hoc use of the methods and indexes 
that exist today. 
In the context of measuring sustainable welfare and its further development, increased 
attention should be directed towards its application to developing countries. The impact 
and importance of different aspects of sustainable welfare in developing and developed 
countries will obviously differ. If generally accepted macro-economic sustainability 
measures are to develop, these differences need to 
be addressed. The risk is otherwise that 
sustainable welfare will be measured only 
from the perspective of developed countries, 
just as GDP was derived from a developed country's perspective. 
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Another important task is to work towards the broader definition of sustainability. 
Reviewing macro-economic measures as well as commitments of policymakers to 
sustainability, it is clear that the main emphasis has been on the environmental dimension. 
Chapters 5 and 6 in this thesis have shown the importance and complexity of intra- 
generational equity and its relationship to the environment and welfare. Future research 
should concentrate on exploring these links as well as their integration into decision 
making tools, in order to ensure that the social and equity aspects are not 
ignored. 
From the research in this thesis, it is clear that the work on measuring sustainable welfare 
is an ongoing process for a constantly changing society. The future, as well as the needs of 
future generations, are open and difficult to predict, and therefore the process must be 
continuously developing. The work on measuring sustainable economic welfare is not just 
a matter of finding methods that better reflect the long-term impacts of current behaviour, 
it is a process to work towards a more sustainable society. 
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Appendix 1 
The MSC of CO2- an estimate by Fankhauser 
Fankhauser calculates what the cost to society would be if the atmospheric content of CO2 doubled, using 
year 1900 as a start level. The CO2 doubling is assumed to occur in 2050 and to lead to an increase ill 
temperature of 2.5°C. The non-market and market impacts that this doubling would have are estimated as if 
the effects occurred to an economy with the same structure as that of 1988. The market and the non-nutrket 
based damages, due to a CO2 doubling can be described as below. (From appendix 1 in Fankhauscr 1995). 
Market based damages: 
(1-1) kt _y0+ Yr + Pr 
r1 
Non-market based damages 
(i-2) k? = k?, (1 + s''YW + pt ) 
Where Ywt = rate of growth per capita income 
pt = population growth 
ey = income elasticity of the willingness to pay (WTP) to avoid non-market damage s,. =1 
k= the damage due to a 2*CO2 
The market based damages, such as in (1-1) are a function of the growth in per capita income and population 
growth. The non-market based damages, such as in (1-2) are also a function of the growth in per capita 
income and population growth, but also depend on income elasticity where it is assumed that as income 
increases the WTP to avoid non-market damages also increases. 
These damages are included in the damage function (1-3). The annual damage (d) depends on the size of k 
(ky + kp), and on the current temperature change in relation to the baseline temperature change, if the 
baseline temperature change occurs earlier or later than estimated the effect is adjusted (through y and O 
below). The earlier the change takes place the greater the negative effects will be since the economy will 
have insufficient time to adjust. 
The damage function 
(1-3) d, = k1 - (1 + ý) t"- 
ý 
Where kt = damage due to a 2*CO2 which is ktp +k, Y 
Appendix I 
Page 1 
X= relationship between temperature and damage (if temperature rises 1 %, the damage goes up y 
%) 
t* = time of expected CO2 doubling (year 2050) 
t= the actual time of the CO2 doubling 
T°, = temperature at the upper layer of oceans 
A= the temperature change due to C02 doubling (=2.5) 
0= sensitivity factor that augments the impact of C02 doubling if it occurs earlier 
than t* 
The MSC is derived from this damage function as: 
T 
(1-4) Sr =` (1 + b)-r 
t=o iO 
Where Si = the damage cost of a tonne of emission of gas i., 8= discount rate, 1-5 = future incremental 
damage that occur due to an additional 1 tohne emission 
The point estimate kt, will be scaled up with economic and population growth. The 2*CO2 doubling works 
out to a point estimate in 1988 which is about 1.4% of GWP (269.5 bn USD in 1990 values). It is an estimate 
that is linked to the present day economy and expressed as percentage of GDP. Projections then apply thcsc 
percentage impacts to future world product (in general 2060 for realised benchmark). Projccting the 
percentage losses into the future is somewhat unsatisfactory since future impacts will depend on economic. 
demographic and environmental development. 
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Appendix 2 
Marginal Social Cost 
This appendix illustrates how the Marginal Social Cost (MSC) per tonne of carbon and per tonne CO. has 
been derived from the different studies discussed in Chapter 3, In Table 1, the derived MSC per tonne of C 
and per tonne of CO2 are presented. The MSC has been derived from four different studies; Daly & Cobb 
(1989), Azar & Holmberg (1996), Fankhauscr (1994) and Hamiltion & Atkinson (1996) are shown. This 
table is the basis for Figure 3-5 in chapter 3. The conversion factor of 12/44 has been used in converting 
from C to CO2. One tonne of C is equal to I *(12/44) tonnes of CO:. 
Daly Azar & Fankhauscr Fankhauser Fankhauser Ilamiltion 
& Holmberg random low discount high & 
Cobb discount rate rate discount rate Atkinson 
MSC per 
tonne of C 9.4 22.4 11.4 27.3 3.1 14.7 
emitted (in £ 
MSC per 
tonne of CO2 2.6 6.1 3.1 7.5 0.8 4 
emitted (in ,£ 
Table 1: Marginal Social Cost in 1990 derived from 4 different studies. 
The MSC as derived from the Daly & Cobb estimate and the Swedish GED are shown below. 
The MSC of £9.4 has been derived from Daly & Cobb's estimate of a 1972 tax valuc of USD$ 0.50 The 
value was first converted from US$ to £UKKby using the 1972 exchange rate (0.5/2.5=01), Using an implicit 
1990 GDP deflator (5.68), the 1972 value was converted into a 1990 value (0.2 *5.6H--- 1.1 1). The MSC of a 
barrel of oil in 1990 values was now £1.14. By using a factor of 0,23 to convert from barrel of oils to tonics 
of coal equivalent, the figure could now be expressed as an MSC of £4.94 in tonnes of coal equivalent 
(1.14/0.23=4.94). Then by multiplying this figure by 1.8 to convert the tonne of coal equivalent to tonne of 
oil equivalent, an MSC of £ 8.89 in tonne of oil equivalent could be derived (4.94* 1.8=8.89). By using a 
conversion factor of 1.061 to estimate the carbon content per tonne of oil equivalent, an MSC of £9.43 per 
tonne of carbon could be derived from (8.89* 1.061=9.43). Finally, then to convert from tonnes of carbon to 
tonnes of carbon dioxide, the figures were divided by 44/12, and the MSC of 2.57 per tonne of carbon 
dioxide were derived (9.42/(44/12) = 2.57). 
The MSC of £22.4 has been derived from the Generational Environmental Debt. Azar & Holmberg (1996) 
estimated that the world total damage in 1990 would amount to about £6717bn, and the world global carbon 
emission in that year was about 12.33 billion tonnes. Dividing the total cost by the global emission gives a 
cost per emission of £22.4. It was estimated that the UK carbon emission in 1990 was about X1.1% of the 
global total, which would give UK a share of the total environmental debt of £276 bn. 
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